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FOREWORD

The Strategic Environmental Research And Development Program (SERDP) is
mandated in 10 U.S.C. §§2091-2904. SERDP addresses environmental matters of concern to
the Department of Defense (DoD) and the Department of Energy (DOE). It is conducted as a
tri-agency program with participation from the DoD, DOE and Environmental Protection
Agency (EPA).

This report includes information required by title 10 U.S.C. § 2902 for the annual
report to Congress. It includes project descriptions and allocated funding and is divided into
six technology thrust areas; 1) Alternate/Clean Energy, 2) Compliance, 3) Conservation, 4)
Global Environmental Change, 5) Installation Restoration, and 6) Pollution Prevention. The
individual research projects were reviewed and selected by the SERDP Council in response to
specific requirements for research and development. All programs greater than or equal to
$1,000,000 were recommended after review by the SERDP Scientific Advisory Board. The
FY 1993 SERDP Strategic Investment Plan is based on a funding target of $180 million. The
approved projects are submitted on behalf of the SERDP Council whose membership consists
of: the Assistant Secretary of Defense, Production and Logistics; the Director of Defense
Research and Engineering; the Vice Chairman of the Joint Chiefs of Staff and representatives
from each of the Services and Coast Guard; the Assistant Secretary of the Air Force, Space;
the Assistant Secretary of Energy for Defense Programs; the Assistant Secretary of Energy for
Environmental Restoration and Waste Management; the Director of the DOE Office of
Energy Research; and the Administrator of the EPA.
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ACRONYMS

A Army
AF Air Force
ARPA Advanced Research Projects Agency

CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act

CWA Clean Water Act

DDR&E Director, Defense Research and Engineering

DOE Department of Energy

DoD Department of Defense

DNA Defense Nuclear Agency

DSPO Defense Support Projects Office

EPA Environmental Protection Agency

IR Installation Restoration

N Navy

R&D Research and Development

RCRA Resource Conservation and Recovery Act

SARA Superfund Amendments and Reauthorization Act

SERDP Strategic Environmental Research and Development
Program

SITE * Superfund Innovative Technology Evaluation

TTAWG Technology Thrust Area Working Group

USGCRP U.S. Global Change Research Program
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EXECUTIVE SUMMARY
Overview

FY 1993 Strategic Environmental Research and Development Program (SERDP)
efforts continue to emphasize assessing the state of global atmospheric and ocean
environments; the effectiveness of remediation technologies to address the Departments of
Defense (DoD) and Energy (DOE) environmental obligations; approaches to minimize, treat,
and dispose of hazardous waste; methods for assessing hazards in existing and restored sites;
and alternative and clean energy options for use by DoD facilities and operations.

Several new initiatives have commenced that will enhance our ability to successfully
address the above targeted areas. SERDP has identified six technology thrust areas versus the
three areas found in past programs. These are: Global Environmental Change (formerly
Remote Sensing), Alternate/Clean Energy, Installation Restoration, Pollution Prevention,
Compliance, and Conservation. The last four technology thrusts map directly with the pillars
found within the Tri-Service Environmental Quality Strategic Research and Development Plan
(EQ Strat Plan) as developed under the Services’ Reliance technology coordinating
mechanism. Thus, SERDP can now take advantage of existing technology coordinating
bodies to further identify and define R&D opportunities for investment in response to known
requirements for R&D as developed by the Reliance mechanism, and then provide sufficient
resources to reach "critical mass" in order to address specific, difficult environmental
challenges.

Global Environmental Change

Global Environmental Change research includes acquisition/organization of data and
research results that quantitatively describe the total environment at global and regional
scales. Integration of the new and existing programs in data collection and analysis
methodologies, process study research and environmental modeling are keystones of this
effort capitalizing on agency unique capabilities that fully leverage the U.S. Global Change
Research Program (USGCRP).

Representative activities include: improving access to existing DoD and DOE data
bases and facilities; developing, demonstrating, and applying DoD, DOE, and EPA remote
sensing capabilities and technologies to support environmental change research and establish
enhanced observation strategies and systems; and enhance environmental process research and
modeling.

A significant portion of the FY 1993 SERDP program (35 percent) is devoted to the
execution of Phase I programs that were delayed due to rescission action in FY 1992. FY
1993 funds will enhance funds provided by the FY 1992 Supplemental Appropriation to
satisfy the initial requests of the approved Phase I efforts.




Alternate/Clean Energy

This area includes research on environmentally sound alternative energy sources to
reduce dependence on petroleum-based sources, overall energy consumption, energy costs and
"greenhouse effects."

Representative activities include: research and demonstration on expanded use of
renewable energy resources, such as geothermal, solar photovoltaic, wind and hydropower;
research and technology demonstration on innovative, substitute, alternative energy sources to
reduce emissions and fossil fuel consumption; and research and demonstration on reduced
energy consuming techniques, components and power units/sources that contribute to reduced
energy consumption.

Installation Restoration

This area focuses on technology development and demonstration for more efficient,
effective environmental cleanup of soil, sediment, groundwater, surface water and structures
contaminated with hazardous, radioactive and toxic materials from past activities.
Cleanup/remediation techniques, treatment technologies and monitoring assessment methods
are the principle focus of this area.

Other representative activities include: developing and demonstrating (not whole site
cleanup) innovative technologies or techniques for handling hazardous waste or materials of
particular concern or uniqueness to defense programs; developing and demonstrating
innovative site characterization techniques; developing and demonstrating innovative
monitoring techniques (chemical and biological) to gather data before restoration begins,
during the operations, and after it is completed; and developing and demonstrating innovative
technologies for assessing fate and transport effects.

Pollution Prevention

Pollution Prevention means "source reduction," as defined under the Pollution
Prevention Act of 1990 and other practices that reduce or eliminate the creation of pollutants
through increased efficiency in the use of raw materials including energy, water and other
resources, or materials substitution. The term includes: equipment or technology
modifications, process or procedure modifications, reformulation or redesign of products,
substitution of materials and improvements in housekeeping, maintenance, training, or
inventory control. Under the Pollution Prevention Act, end-of-pipe recycling, energy
recovery, treatment, and disposal are not included within the definition of pollution
prevention. Practices commonly described as "in-process recycling” qualify as pollution
prevention.

Representative activities include: developing and/or evaluating innovative pollution
prevention technologies, processes and environmental management techniques for reducing or




eliminating wastes, effluents, or emissions at DoD/DOE processes and facilities; research on
protective coating/coating removal, and process modification, substitute processing chemicals
and alternative processes to reduce or eliminate hazardous waste generated by electroplating,
paint stripping and metal cleaning operations; process modeling to eliminate or minimize the
waste stream; and research to identify alternatives to introducing hazardous materials into an
in-process waste stream in order to render that waste stream environmentally acceptable,
preferably benign.

Compliance

This area includes technologies for environmental monitoring, waste treatment, end-of-
pipe recycling and disposal, and environmental management not directly related to site
restoration, but related to meeting current and future environmental compliance requirements.
It includes understanding the fate and transport of defense related wastes and pollutants as
well as methods and techniques for mitigating ecological and health impacts of these
materials in the environment.

Representative Activities include: developing monitoring and assessment tools related
to environmental compliance and management; developing source treatment and control
technologies for installation support operations (waste, waste water, solid waste management
and air pollution); developing new treatment and control technologies for hazardous wastes
resulting from energetics production, manufacturing, and maintenance operations; research to
ascertain the toxicological effect to humans and ecosystems from exposure to chemicals and
materials used in defense activities; and research on environmentally and economically
acceptable alternatives to open burning or open detonation of liquid rocket propellants,
munitions and energetic materials.

Conservation

This area is focused on research toward understanding, protecting, and maintaining
biophysical resources and facilities relative to material and cultural resources in order to
ensure: (1) compliance with environmental laws; (2) sustained use of land and coastal
resources; and (3) support for stewardship of those resources on relevant federal lands. Those
resources include all biophysical resources associated with and related to ecosystems and
habitat, e.g. soils, vegetation, landform, water and biodiversity; and facilities and landform
associated with historic and archeological resources. Efforts are intended to: (1) effectively
predict the presence, quantity and quality of natural and cultural resources; (2) improve the
knowledge of the basic processes of these resources as they relate to, and are impacted by,
use of lands; and (3) advance the technology to mitigate, rehabilitate, and maintain these
resources.

Representative activities include: developing and advancing remote, field data

collection techniques to locate and quantify resources; developing an understanding of
species-species and species-habitat relationships and how they are affected by federal land
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use; developing long-term, multiple use management strategies to optimize resource
protection; and developing proactive land use and management tools and techniques to protect
threatened and endanger resources and habitats.

Initiatives

In FY 1993 under SERDP the Department is continuing to build a closer coupling of
DoD, DOE and EPA research efforts. The intent is to focus on DoD/DOE needs by means of
the SERDP management structure specified in the implementing legislation. Key SERDP
initiatives for FY 1993 that build upon the joint approach include:

° National DoD Installation Restoration Technology Demonstration Sites

. Joint DoD/DOE Program for Clean, Agile Manufacturing Technology for
Propellants, Explosives and Pyrotechnics

. Pilot projects associated with the activities of the Gore-Gates Environmental
Task Force
1. National DoD Installation Restoration Technology Demonstration Sites

The recent emphasis placed on expediting remediation efforts of DoD/DOE facilities
has likewise encouraged the development of novel remediation technologies. Unfortunately,
their accomplishments have not been efficiently, nor effectively, transitioned to other
technologists and the users within other federal agencies and the private sector.
Inconsistencies in the conduct of site characterization, data collection and assessment, and
incomplete dissemination of the attributes and value of the demonstration have all contributed
to this inefficient process.

One of the major initiatives commencing this year is the establishment of six national
DoD environmental technology demonstration sites. These sites will provide the ability to
conduct side-by-side demonstrations of technologies developed either in the federal or private
sector. The National DoD Environmental Technology Demonstration Program (NETDP)
proposal offers an alternative to help reduce the duplication of effort and inefficiencies
associated with the current system and promote rapid transfer of technology to field
applications.

The NETDP uses the Reliance agreements as its foundation. It focuses on the
demonstration of remediation technologies that respond to the primary needs of the Services.
As the principal manufacturer of field weapons, the Army has been given the lead in the area
of energetics materials remediation technology, and the Navy and Air Force have been given
primary responsibility for technology development in the area of petroleum, oils, lubricants
(POL) and solvents. Each development task is conducted within this Reliance framework
which is subordinate to the Environmental Quality Technology Panel under the Joint




Engineers coordinating committee.

While Reliance has provided a coordinating mechanism for the conduct of remediation
technology development, it has not yet provided the support necessary to bring together
technologies for side-by-side comparison, standardization of data collection and analysis, and
publication of user guides and engineering design specifications. The Tri-Service NETDP
proposal has this objective in mind and SERDP funds are proposed to achieve this objective.

2. Joint DoD/DOE Program for Clean, Agile Manufacturing Technology for
Propellants, Explosives and Pyrotechnics

The Department of Defense is required to reduce the hazardous wastes associated with
production of weapons systems using propellants, explosives, and pyrotechnics (PEP) by at
least 50 percent by 1997. The Department of Energy and the National Aeronautics and Space
Administration (NASA) also have PEP waste reduction requirements. Approximately 500
million pounds of PEP are produced each year for DoD, DOE, and NASA as main charge
explosives, solid rocket propellants, and flares/illuminators. PEP chemicals and products are
produced in government operated, government owned-contractor operated (GOCO), and
defense contractor facilities. Future waste reduction can be achieved by reducing wastes
throughout the PEP product life cycle. The product life cycle includes synthesis of PEP
chemicals; formulation of chemicals into a product; chemical processing, loading, and
unloading of the product; combustion emissions; and methods to reclaim, recover, and recycle
excess material.

The goal of this initiative is to develop integrated product/process development (IPPD)
technologies and tools to achieve a design for reconfiguring existing PEP production facilities
into agile factories which will reduce total life cycle wastes by over 90 percent from the 1992
PEP waste baseline.

The technical approach is for governmental and industrial PEP R&D labs, pilot plants,
and production facilities to be organized into a program network. Present products, processes,
PEP chemicals, and technologies will be surveyed. Models and simulations will predict life
cycle performance. Pollution prevention technologies and new factory concepts will be
experimentally tested in existing facilities. When use of existing facilities is not practical, a
special demonstration testbed may be built. The factory design will then be developed,
including detailed descriptions of products, chemical engineering unit operations, utility
requirements, regulatory and qualification approaches, safety, and pollution prevention devices
to be used in its operation.

3. Gore-Gates Environmental Task Force (ETF)
The ETF was formed in response to a Congressional request to create a team of

scientists with appropriate security clearances to work with the government and determine the
applicability of classified systems and data to environmental science.




The scientists comprising the ETF are reviewing:

. the environmental community’s information needs
o past, present, and near-term classified systems and data/archives
. current government efforts that apply classified data to environmental issues.

The ETF scientists will recommend release of specific classified information of value
to the environmental community as well as follow-on research opportunities. An
environmental security policy group has been activated with Service and Defense Agency
participation. The Department is working with the Intelligence community to develop
procedures for environmental requirements to compete on a routine basis for tasking of
intelligence systems.

Congressional Interest Items

The SERDP FY 1993 Strategic Investment Plan includes five projects of interest to the
Congress as separate projects within various technology thrust areas.

In the FY 1993 Department of Defense Appropriations Conference Report, H.R.
Report 102-1015, Congress allocated $3,500,000 to support bioremediation research efforts.
A project entitled "Applied Demonstration Program in Environmental Compliance and
Bioremediation Technology" has been funded under the Installation Restoration Thrust Area.
The Report also identifies $5,000,000 in support for the work performed on data access by
the Consortium for International Earth Science Information Network (CIESIN). "Strategic
Environmental Distributed Active Archive Resources"”, a project within the Global
Environmental Change Thrust Area, outlines the proposed work of the Consortium. Finally,
the Report provides $500,000 for the efforts of the Coalition for International Environmental
Research and Assistance (CIERA). Their project found within the Conservation Thrust Area
and entitled, "Information Support for Environmental Management", is focused on the
development of an environmental manager’s decision support system for the management of
habitats on DoD and other government owned lands, and conducted in conjunction with the
Army’s Topographic Engineering Center.

The Department of Defense Appropriations Bill, Senate Appropriations Committee,
S.R. Report 102-408, requests that a study be conducted on the potential for the abyssal plains
of the oceans for use as a repository of hazardous wastes. The U.S. Naval Research
Laboratory has proposed an effort, entitled "Abyssal Plains Study", which will comply with
direction as provided in the Report. The proposal may be found within the Compliance
Thrust Area.




The Supplemental Appropriations Transfer and Rescission Bill of FY 1992, S.R.
Report 102-395, provided support for electron scrubbing technology development. This year,
SERDP will provide follow-on funds to complete the technology demonstration. "e¢'SCRUB -
The Application of DNA Pulsed Power to Electron Scrubbing of Flue Gas to Remove
Unwanted By-products” is found within the Compliance Thrust Area.

Funding Summary $(000)

Global Environmental Change $ 65,200
Alternate/Clean Energy $ 8,100
Installation Restoration $ 30,047
Pollution Prevention $ 31,782
Compliance $ 12,637
Conservation $ 8,164
Congressional Interest Items $ 11,583
Other $ 12,487

TOTAL $180,000




Alternate/Clean Energy

Project Title

Page

Number

Funding
FY93 (K)

(EPA)

Photovoltaics for Military Applications (DOE) 9 4,000
Fuel Cells for Military Applications (A) 15 350
Low Energy Model Installation Program (A) 19 1,400
Geothermal Heat Pumps/Enhanced Building Envelopes (DOE) 22 600
Advanced Cycle Mobile Heat Pump (AF) 25 500
Utilization of Biomass Technologies on Military Installations 27 750

Pilot Plant Demonstration of Methanol Using the HYDROCARB
Process with Biomass Feedstock (EPA)

31

500

Total

8,100




SERDP Thrust Area: Alternate/Clean Energy
Title: Photovoltaics for Military Applications

Problem Statement:

The goal of this project is to do technology demonstration/technology transfer of PV
technology in Intermediate/Large Remote and Grid Interactive applications thereby
promoting implementation in other Department of Defense (DoD) applications. This will
reduce the amount of pollutants from fossil-fueled electrical gensets within the DoD and
enhance energy security.

DoD is the largest single user of energy in the world with an annual energy consumption of
150 million barrels of oil equivalent at a yearly cost of over $3 Billion. Since DoD relies on
conventional sources of power and energy (coal, fuel oil, diesel, natural gas, etc.), DoD is a
significant contributor to environmental pollution from energy production and use.
Photovoltaic power systems have been successfully demonstrated in small/intermediate sizes
(up to 60 KW), both stand-alone and hybrid (PV/Diesel). The technology is commercialized
and industry has an operational manufacturing capability. Photovoltaic power systems can
be of significant help in reducing energy and O&M costs and eliminating air pollutants in
areas where DoD generates its own power and increasing energy security.

Project Description:

The technical objective is to demonstrate the use of PV technology (inverters, power
processing controls) in systems for Intermediate/Large Remote and Grid Interactive
applications that meet DoD requirements.

The most promising application for renewable power sources in the next 30 years is to
augment conventional power sources to optimize the efficiency of both the conventional and
renewable sources to reduce cost and environmental impacts. Example applications range
from stand-alone renewable/engine power sources to demand reduction on the grid. The
common denominator of these applications is the need for battery energy storage to decouple
power generation from power demand and a power processing center (PPC) to integrate the
generation sources in a way that optimizes the utilization of each source. The only obstacle
to these applications is that the PPC is not an off-the-shelf product and must be custom
designed and manufactured for each application.

Technical Approach/Tasks:

The focus of this Phase IIl SERDP effort is to develop a modular, standardized PPC that will
service multiple source PV/engine hybrid and demand reduction applications. The basic
PPC will be in the 50 kW size range that can be paralleled for applications up to 500 kW.
This size range represents the bulk of hybrid and grid-support applications not only in the
DoD, but in other government agencies like the National Parks Service, Fish and Wildlife, the
National Forest Service, and the Bureau of Land Management. This effort will leverage
SERDP monies for the benefit of many government agencies.




The Phase I effort focuses on smaller PV /engine hybrid applications and grid-support to
extend service life of transmission and distribution systems. The Phase III effort expands on
the prior effort to larger systems and to include small demand reduction applications. The
structure of the Phase III effort will be similar to prior efforts and will include three tasks: 1.
Application Evaluation, 2. Hardware Development, and 3. Applications Validation. The
funding breakdown is modified to emphasize hardware development and to field one larger
system of a size range of 200-300 kW PPC. Also, as was the case in Phase I, SERDP monies
will provide technical support for ECIP projects.

The technical approach will also be similar to Phase I. It will build on prior results and
lessons learned. The first task is to identify, evaluate and select Phase III projects. Phase I
establishes a computerized data base to organize and process information on DoD facilities
and their power needs. By the time Phase III is initiated, candidate facilities will be
identified by examining the existing data base. The candidate sites will be visited and
evaluated, and the Phase III projects will be selected.

Application evaluation funds will also be used for administrative support throughout the
project and to determine the life-cycle environmental cost savings associated with
alternative/clean energy The environmental studies will be performed with guidance from
the Environmental Protection Agency (EPA). The EPA Air and Energy Research Laboratory
has agreed to participate in and monitor the development of a life-cycle environmental
methodology and to apply the methodology to determine the cost savings.

The facility will develop an RFP for a turn-key system under guidance from the PV Review
Committee and Sandia. The system RFP will include specifications for a modular and
flexible PPC. A stipulation of the RFP is that the PPC must submit to acceptance testing at
an independent facility defined and selected by the DoD PV Review Committee and Sandia.
After installation, Sandia will perform an initial system evaluation for system acceptance and
to establish the baseline performance, and another evaluation after one year of operation to
validate the technology.

This program will be directly responsive to the 1990 House Defense Authorization Act that
requires the installation of 100 MW of renewable energy by 1996. Additionally, Presidential
Executive Order 12579 requires DoD, along with other Federal Agencies, to reduce energy
consumption by 20% and to offset energy production using renewable energy where life
cycle cost effective. The recently enacted Energy Policy Act of 1992, contains several
provisions consistent with the expansion of the use of PV in all sectors, including the DoD.

The table below details the funding from other sources. It is important to stress that SERDP
fills a programmatic need for the DoD PV program. The primary expected source of funds
(other than SERDP) is the Energy Conservation Investment Program (ECIP) which is part of
the Military Construction Program (MCP). Funds appropriated as part of the MCP must be
used for hardware, not supplemental related activities such as resource assessment,
application identification, and project selection activities.
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Table 1 - Total Funding for DoD PV Program

Non-SERDP Funding - $ Millions
Fiscal Year 1991 1992 1993 1994 Total
Project 0.4 1.0 0.5 0.5 2.4
Development
Project - 6.0 10.0 5.0 21.0
Implementation
Monitor and - 0.3 0.3 0.3 0.9
Analyze
Technology - 0.1 0.1 0.1 0.3
Transfer
TOTAL 04 7.4 10.9 5.9 24.6
Non-SERDP
SERDP *4.0 - 4.0 4.0 12.0
TOTAL 4.4 7.4 14.9 9.9 36.6
*Not Received until 8 December 1992

Expected Payoff:

Over the long-term, a significant reduction in the amount of pollutants from fossil fuel-
burning generators now used in the DoD. According to some estimates, the Department of
Defense annual emissions are:

720 million tons of CO,
1.15 million tons of NO,
740,000 Tons of SO,

Of this amount, we estimate that a significant portion of the emissions are from fossil fuel
(primarily Diesel) gensets as shown below. Significantly, the physical location and
accessibility of existing diesel generators is such that the total cost of running a diesel is
many times the amount usually attributed only to the cost of fuel. The result is that PV
projects are often times economically competitive using the Department of Defense’s
measures of merit---the simple payback period and the savings-to-investment ratio. The
estimated annual savings potential is shown in the last column.
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Table 2 - Pollution Estimate from Diesel Generators in DoD

Tons of Pollutants
Annual Savings

Application CO, NO, SO, Potential - $M

Class

Small 31,700 723 32 95
Intermediate- 127,000 2,900 128 200

Large

Grid- 285,000 6,500 290 200+

Interactive
Total 443,700 10,123 450 495+

Note: The analysis for the above table was developed for the July 28, 1992 briefing to the
SERDP Scientific Advisory Board. The analysis was based on data from the DoD Defense
Energy Installation Survey, an in-house Army Construction Engineering Research Laboratory
(CERL) methodology for estimating emissions, and the Total Emission Model for Integrated
Systems (TEMIS), and unpublished China Lake Navy Energy Office work.

Transition Plan:

To illustrate the process to be followed for the introduction and utilization of photovoltaics in
the DoD, consider one of the projects selected for a hybrid (PV-diesel genset) at an electronic
warfare simulator facility on San Clemente Island (a Navy owned island about 70 miles off
the coast of San Diego). The sequence of events is as follows:

1988-1991 - Discussions by Navy member of the PV Review Committee about feasibility,
nature of load profile, insolation, etc.

Early 1992 - Decision by the user, the Naval Command and Control Ocean Surveillance
Center (NCCOSC) to contract for an applications assessment. Funds were provided by the
Navy Energy Office, China Lake. It should be noted that the absence of a source of funds
(such as SERDP) to do an applications assessment delayed the project at least 2 years.

April-August 1992 - Applications assessment, including a conceptual design illustrating that a
system could be built that is technically feasible and competitive from a savings-to-
investment ratio and simple payback period --- the figures of merit that are used in the
Energy Conservation Investment Program (ECIP).

October 1992 to Present - NCCOSC has agreed to initiate a competitive RFP, has named a
program manager, has initiated the justification paperwork through channels, has formed a
technical advisory team that includes the Sandia National Laboratories representative. The
prospect of SERDP funding allowed Sandia to make the appropriate technical personnel
available.
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Industry ability to assume production: The PV industry is capable of providing mature PV
modules and battery technology, the two highest cost components of a PV system. Power
conditioning and control systems for hybrid systems above 25 kW are not standard off-the-
shelf items because there has not been enough need to sustain a market. Sandia National
Laboratories Design Assistance Center is developing a program (in cooperation with the
Navy Civil Engineering Laboratory) to cooperatively work with industry to develop that
capability. The approach is for industry to supply a turn-key system to meet the
requirements stated in the procurement documentation.

Coordination between performer and user: Inherent in the process already existing in the
DoD PV Program is the requirement that there be a strong user involvement in the
identification, categorization, selection, and procurement of a PV system. The user is
required to take the initiative to get the project approved through the applicable chain of
command, to provide the procurement capability to acquire the system, and to make the
system available for data collection after it is installed.

Milestones:

February 1993 - Competitive RFP to be completed.

June 1993 - Release of competitive RFP.

Late 1993 - Selection of contractor for systems design and installation.
Mid 1994 - Installation and IOC for PV Hybrid system.

One year after installation - monitoring of system performance by the PV Review Committee
and Sandia National Laboratories (funded by SERDP).

We anticipate ihat there will be 5-7 different PV-diesel hybrid projects initiated during
calendar 1993. Some will be funded primarily from SERDP funds. As different military
organizations develop their own approach to their systems, the PV Review Committee in
cooperation with the DOE Sandia National Laboratories, will develop an in-service capability
to investigate, contract for, install and maintain PV systems. Existing military in-service
technical schools and logistics will reflect the wider use of photovoltaics. Each system will
have its own unique features, but the involvement and eventual ownership of the systems
will be a common feature of each. SERDP funding is absolutely vital to maintain continuity.

Funding: ($K)

Task Funding Start Date Stop Date
(FY) (FY)
Application Evaluation 250 K 6/93 12/94
Hardware Development 1750 K 9/93 9/94
Application Validation 2000 K 12/93 12/94
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Outyear funding plan to reflect transition:

We propose that SERDP funds be provided at a $4.0 million level per year through FY 95.
Performers:

Department of Defense, Department of Energy, Sandia National Laboratories

Industry has sigrificant involvement in this project. Industry will provide all hardware,
system design and installation, resource assessment, and application assessments. Currently,
there are no formal Cooperative Research and Development Agreements (CRADA) as
specified in the National Competitiveness Technology Transfer Act of 1982 contemplated;
however, the DoD and DOE consider this a cooperative joint agency program.

Technical Points of Contact:

James E. Rannels, Director

Photovoltaics Technology Division (CE-131)
U.S. Department of Energy

1000 Independence Avenue, S.W.
Washington, D.C. 20585

TEL: (202) 586-8070

FAX: (202) 586-5127

Dr. David E. Hasti
Photovoltaics Projects Manager
Division 6218

Sandia National Laboratories
P.O. Box 5800

Albuquerque, NM 87185-5800
TEL: (505) 844-8161

FAX: (5605) 844-6541

Garyl D. Smith

Chairman, DoD Photovoltaic Review Committee
Energy Program Office

Code C8303

Naval Air Weapons Station

China Lake, CA 93555-0069

TEL: (619) 939-2525

FAX: (619) 446-1991
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SERDP Thrust Area: Alternate/Clean Energy
Title: Fuel Cells for Military Applications
Problem Statement:

The majority of central heat plants on U.S. military bases are nearing the end of their useful
life and will soon need replacing. This presents an opportunity to replace existing
equipment, based on energy concepts developed almost eighty years ago, with current state-
of-the-art or near-term emerging technologies. Fuel cells are electrochemical power
generators with the potential for attaining very high electrical energy conversion efficiencies
while operating quietly with minimal polluting emissions. In addition, by-product thermal
energy generated in the fuel cell is available for use for cogeneration of hot water or steam,
bringing the overall potential conversion efficiency (electrical plus thermal) to the order of
85% to 89%. Phosphoric Acid Fuel Cells (PAFC) are currently entering the initial stages of
commercialization. One U.S. manufacturer has reported 55 firm orders for 200-kW PAFCs.
Of these, 25 have been delivered, but only 3 units have been installed in CONUS. Molten
Carbonate (MCFC) and Solid Oxide (SOFC) fuel cells, offering even higher electrical energy
conversion efficiencies and increased cogeneration utility, are expected to become
commercially available around the turn of the century. The proposed project is a new
program designed to provide a field demonstration of PAFC technology at several DoD
military installations in CONUS.

Project Description:

The technical objective of this project is to demonstrate the performance of phosphoric acid
fuel cell technology on U.S. military installations. The FY 93 Defense Appropriations Act
provided $6.0M of equipment procurement funds per service for "non-developmental item
natural gas fuel cells currently produced in the United States...for power generation at
military installations..." with the recommendation that "...some of the cells be installed at
locations in need of enhanced air quality...". In a similar fashion, Congress also supplied
$865K to the U.S. EPA for "...environmental monitoring of...non-developmental natural gas
fuel cells...installed for power generation at military installations...". The problem with these
Congressional appropriations is that money was provided to buy fuel cells and to monitor
the environmental emissions, but no money was supplied to identify demonstration sites,
develop site specific designs, install the equipment and make connections to local utilities, or
monitor equipment performance. To resolve these problems, the Defense Utilities and
Energy Coordinating Council (DUECC) decided to conduct a unified demonstration of the
emerging PAFC technology for each of the three services, and tasked the Army as the lead
service for coordinating these demonstrations.

This SERDP project will develop application guidance for PAFC technology, recommend U.S.
military installation demonstration sites to the DUECC, develop an implementation plan for
conducting the tri-service PAFC demonstration at multiple military installations, develop the
equipment purchase documentation, develop equipment installation procedures and designs,
design inter-ties with local utility systems, monitor equipment performance (in conjunction
with U.S. EPA environmental emissions monitoring), train maintenance personnel, resolve
operations and maintenance problems, and develop lessons learned for future fuel cell
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technology applications. Funds for implementing SERDP funded designs at specific
installations will be supplied by the Energy Conservation Program (ECIP).

The combined electrical and thermal energy conversion efficiency of PAFC technology in a
co-generation system is 85% to 89%. This is far superior to the conventional technologies
which range between 50% to 59%. This improved efficiency will help DoD meet energy
reduction goals. The extremely low air pollutant emissions associated with fuel cell
technology is in direct support of DoD/DOE environmental objectives. Potential PAFC
system air emissions for key pollutants (5O,, NO,, and particulates) are negligible and in
orders of magnitude below any conventional technologies and the proposed New Source
Performance Standards [NSPS] of the 1990 Clean Air Act. Because of their high energy
conversion efficiency, fuel cell power plants also produce lower levels of greenhouse
pollutants (such as carbon dioxide) as compare to conventional technologies.

The primary technical task with fuel cell technology is directly related to the lack of long
term operating experience. The original DOE funded prototype PAFC system only has a
total of 9600 operating hours spread over 33 operating periods. A second developmental
system located at the South Coast Air Quality Management District office in the Los Angeles
area has less than 4500 operating hours with the longest continuous operating period being
about 2100 hours. Completion of the extensive Congressionally directed demonstration
program will resolve many of the technical issues surrounding this emerging technology.

Expected Payoff:

Because the current capital cost of $5000/kW is very high, initial applicability will probably
be restricted to DoD installations located in air quality non-attainment regions. One such
installation is Vandenberg AFB located in Santa Barbara, CA. Vandenberg uses diesel
generators to supply hot backup electrical power for space vehicle lJaunches. These diesel
generators currently violate local air quality standards for NO, and VOC emissions. Use of a
PAFC system should resolve this continuing violation problem. As production costs
decrease, fuel cell technology should prove to be cost-effective based on electrical energy
production costs alone. Current industrial projections predict mature market installed costs
for PAFCs to be less than $2000/kW. With expected natural gas prices at $4.00/MBtu, these
systems should be cost effective in any region in which electric energy costs exceed 3.5
cents/kWh, with thermal energy provided for free.

Milestones: FY
Develop PAFC application guidance for DoD 93
Collect pertinent DoD energy consumption/cost data 93
Collect DoD environmental compliance data 93
Determine Utility Company leveraging opportunities 93
Develop PAFC implementation plan for DoD 93
Develop RFP for delivery of turnkey PAFC systems for DoD 93
Develop/implement PAFC performance test plan 94-95
Monitor PAFC purchase/installation process 94-95
Monitor PAFC system performance 95-96
Document PAFC program lessons learned 97
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Apply PAFC program lessons learned to provide guidance for the 95-98
potential application of advanced fuel cell technologies to DoD

Transition Plan:

Information and technology developed by this jointly funded demonstration program will be
transferred to the public sector through DOE’s Technology Transfer Program for Fuel Cell
Applications conducted by DOE’s Morgantown Energy Technology Center, and to the DoD
user community through a tri-service Technical Manual series. Technology improvements
developed under this demonstration will be incorporated into the production process of the
one commercial vendor who produces 200 kW PAFC units. The application guidelines, site
specific design concepts, operational experience and lessons learned developed by this project
will be extremely important to future users of PAFC, MCFC and SOFC technologies.

Funding: ($K)

FY93 FY9%4
Ré&D Program 70 100
R&D Energy Office 145
US. EPA R&D 285 435
FY93 Appr. Act 6000 9000
DoD ECIP 1200
SERDP 350 350
Totals: 6850 11085

Performers:

The extensive experience of DOE’s Morgantown Energy Technology Center (METC), the Gas
Research Institute (GRI), the US. EPA’s Air and Energy Engineering Research Laboratory
(AEERL) and the US. Army’s Construction Engineering Research Laboratories (USACERL)
will be extensively involved in this program. Local installation engineering and operations
staff, and regional U.S. Army Corps of Engineers District offices and U.S. Navy Engineering
Field Division offices will be involved at specific demonstration sites. DoD and DOE
research contractors who have demonstrated expertise in the fuel cell technology arena will
also be employed during the program. Selection of the candidate PAFC demonstration sites
as part of the implementation plan will be coordinated among the Tri Services. Potential
leveraging opportunities available as part of existing or negotiable incentive plans offered by
local gas and electric utility companies will be identified and incorporated into the project
where applicable. Overall project oversight will be provided by the Defense Utility Energy
Coordinating Council (DUECQ).
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Technical Point of Contact:

U.S. Army Construction Engineering Research Laboratories
ATTN: CECER-FEP

Dr. Mike Binder

P.O. Box 9005

Champaign, IL 61826-9005

TEL: (217) 398-5509

FAX: (217) 373-3740
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SERDP Thrust Area: Alternate/Clean Energy
Title: Low Energy Model Installation Program

Problem Statement:

Defense Energy Program Policy Memorandum (DEPPM) 91-2 requires DoD facilities to
reduce energy consumption and costs by 20% from 1985 to 2000, by improved operation and
maintenance, capital investment for energy conservation, taking advantage of public utility
and demand side management (DSM) programs, using shared energy savings contracting,
using efficient lighting systems, and switching to alternative, renewable, and clean energy.
The recently signed Energy Policy Act requires that all projects that payback within ten years
be completed by 2005. The proper analytical tools and methodologies to enhance and ensure
implementation of the energy program are not available. The DoD also has no tried and
proven example that all the strategies can be simultaneously implemented utilizing existing
resources available to the DEH community. The DoD Low Energy Model Installation
Program at Fort Hood, Texas, will meet the goal of demonstrating the effectiveness of a
comprehensive approach and allow development and technical transfer of tools and
methodologies. Phase I and Phase II SERDP, DoD and FORSCOM funding have enabled the
program to be initiated. Continued funding is required to enhance generic tool development
and construction design enhancement methodologies, design projects and complete
demonstration projects at Fort Hood, the model installation.

Project Description:

The continuing technical objective to demonstrate a prototypical installation-wide,
comprehensive energy management program that improves the environmental compliance
status of DoD installation utility and industrial systems while meeting DoD energy
management goals to reduce usage and costs by 20%. Fort Hood, located in Killeen, Texas,
has been selected as the model prototype installation for implementation of the required
strategies for meeting these goals and quantification of the environmental compliance benefits
resulting from energy management. Implementation procedures and tools are under
development, in conjunction with DOE labs, that will enhance analysis techniques and
demonstrate the effectiveness of a comprehensive, coordinated program based on state-of-the-
art technologies and alternative funding strategies.

The program’s technical approach includes:
1 (1) a procedure for tracking and predicting installation energy use
(2) a procedure for evaluating the efficacy of vegetation screening systems
(3) a method for identifying and evaluating energy reduction options
(4) a technique for prioritizing and funding options
(5) a procedure for quantifying environmental benefits
(6) a procedure for developing phased implementation plans

The program builds upon and enhances previous work by Pacific Northwest Labs in the

development of the Federal Energy Decision Screening Model (FEDS) and the previous work
by Lawrence Berkeley Labs in the development of End-use Disaggregation Algorithm (EDA).
It also compliments the separately funded CERL work effort to develop the Renewables and
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Energy Efficiency Planning (REEP) model to determine the maximum potential and the
environmental benefits of energy conservation in the DoD.

Expected Payoff:

Fort Hood spends about $23 million per year for facilities energy. Preliminary analysis of the
potential savings at the model installation are about 32% of the energy and 24% of the costs.
Since the Army spends about $1.2 billion per year for facilities energy, savings of this
magnitude extrapolated Army-wide are about $288 million per year. There are also consider-
able environmental benefits from such energy reductions. Developing the analysis tech-
niques and user friendly tools for energy analysis and capital investment strategies will
enable installations to develop the cost effective projects to achieve there potential savings
maximizing the use of alternative financing.

Milestones:

Select and evaluate demonstration site FY92 (cmpl)
Evaluate energy use patterns FY93
Develop energy tracking and prediction model FY93
Identify and evaluate conservation projects FY93
Develop tools for identifying options FY92-94
Develop energy project strategy and plans FY93
Evaluate the impact of vegetation screens FY%4
Conduct DSM negotiations : FY92-93
Develop project documents FY92-94
Design Projects FY93-95
Follow construction and evaluate projects FY93-96
Evaluate results and transfer technology FY93-96

Transition Plan:

The results of this program are twofold. The first area is in tool and technique development.
These will be transferred within the existing structure for energy management within the
DoD. The militarized version of FEDS will be incorporated into DOEs training program and
the predictor tools and analysis techniques will be incorporated into DoD training programs.
The second area of results are the actual demonstrations at the model installation. These
projects will fully involve the installation, the local CoE district, and the various Corps
Centers of Expertise. These results will be transferred using standard DoD methods such as
technical reports, manuals, and notes. They will also be incorporated into training associated
with the energy management programs. The technologies being implemented under this
program are readily available from industry but have not penetrated the DoD market.

Funding: ($M)

FY91 FY92 FY93 FY9%4
SERDP 1.75 0.74 1.4 1.3
DoD 0 0.3 0 5.0
FORSCOM 0.2 0.3 7.0 7.0
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Performers:

This project is being managed and performed by the Construction Engineering Research
Laboratories in Champaign, IL. Additional assistance is being provided the Cold Regions
Research and Engineering Laboratory in Hanover, NH; National Labs (PNL and LBL);
various consulting and engineering firms. Huntsville and South Central Divisions of the
Corps of Engineers are also program partners.

Technical Point of Contact:

US Army Construction Engineering Research Laboratories
ATTN: CECER-FEM (Mr. Donald Fournier)

P.O. Box 9005

Champaign, IL 61826-9005

TEL: (217) 373-7282

FAX: (217) 373-6740
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SERDP Thrust Area: Alternate/Clean Energy
Title: Geothermal Heat Pumps/Enhanced Building Envelopes
Problem Statement:

The goal is to develop permanent DoD capability to evaluate, install and maintain
geothermal heat pumps (GHPS) to reduce electric energy consumption for heating, cooling
and water heating by $100 to 150 million annually by the year 2000.

As a result of technological advancements, reduced GHP installation costs, and utility
rebates, GHPs are increasingly installed in all sizes of new buildings as well as retrofits.
Expands the initial SERDP funding, primarily for residential buildings, to include large DoD
buildings; includes building envelope enhancements to further reduce energy consumption,
atmospheric emissions, and life cycle costs for GHP installations.

Project Description:

The technical objective is to validate and document reduced energy usage, lower emissions
and maintenance savings for DoD buildings, obtain load reduction data for DoD and the
utility industry, and incorporate GHP design specifications in DoD engineering analysis for
new or replacement HVAC designs.

The technical approach will be to rank larger DoD buildings for cost, energy, emission and
maintenance reduction via geothermal heating; cooling, and water heating, select a number of
sites for detailed economic analysis and engineering; incorporate GHP analysis in DoD
HVAC computer models; and develop a permanent DoD program to extend the technology
for both new and retrofit HVAC needs. Where cost-effective, incorporate building envelope
enhancements to further reduce energy consumption.

DOE and EPA have both endorsed GHP technology to reduce energy consumption and
power plant emissions. "GHPs can reduce energy consumption and, correspondingly,
emissions by 34-46% compared with the most advanced air source heat pumps, and by 71-
73% compared to electric resistance coupled with standard air conditioning equipment. Total
U.S. market demand for GHPs could increase from present sales levels of 20,000 units
annually to over 450,000 by the year 2000 with aggressive utility conservation incentives."
(U.S. EPA July 1992). Exclusive of liquid fuels, GHPs are the most promising dispersed
renewable technology, with a potential of 2.7 quads by 2030 up from less than .1 quad in
1990. This estimate was based on assumed simple paybacks of less than 5 years for
commercial applications and less than 8 years for residential installations. (Energy
Information Administration, DOE, December 1990).

This phase enhances a previously funded SERDP GHP program which was developed
primarily for DoD residential buildings. DoE GHP R&D seeks to lower installation of ground
connections, EPA is developing utility load models for GHPs, and Farmers Home
Administration installs GHPs in low income housing because of its most favorable life cycle
cost.
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Expected Payoff:

The GHP technology is cost-effective nationwide. DoD's total U.S. electric bill for heating,
cooling, and water heating is about $700 million annually. The potential annual savings for
both residential and commercial DoD type buildings is estimated at $140 million by the year
2000.

Milestones:

1. Identify 12 DoD residential sites February 1993
2. Identify 6 DoD large building sites March 1993

3. Conduct National GHP teleconference for A&E firms April 1993

4. Train DoD personnel May 1993

5. Assist preliminary engineering & cost analysis (residential)  July 1 1993

6. Assist preliminary engineering & cost analysis (large) September 1993
7. Complete residential construction January 1994
8. Complete large building construction or retrofit August 1994

9. Document energy, emissions, and maintenance savings July 1995

10. Complete report December 1995

Transition Plan:

After this 3 year program, DoD will have incorporated GHPs in its design process. This
project is being coordinated with DoD's Defense Utility Energy Coordinating Council,
including both the operations and maintenance and the utility/DSM subcommittees. The
GHP manufacturers, small by traditional HVAC standards, are being joined by the larger
manufacturers like Trane-Consequently, equipment production is assured by the existence of
a burgeoning civilian GHP market.

Funding: ($K)

FY 93
600

Performers:

DoD/DOE /Sandia Laboratories: Albuquerque NM; Oklahoma State University; Louisiana
State University; and University of Kentucky

International Ground Source Heat Pump Association had agreed to cooperate with DoD,
nationwide.

Planned Cooperative Development Agreements will coordinate with the Electric Power

Research Institute and National Rural Electric Cooperative Association, both of which play
prominent roles in accelerating adoption of GHP technology.
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Technical Point of Contact:

Lew Pratsch

Geothermal Division

Conservation and Renewable Energy, DOE
1000 Independence Ave, SW

Washington D.C. 20585

TEL: (202) 586-1512

FAX: (202) 586-5124
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SERDP Thrust Area: Alternate/Clean Energy

Title: Advanced Cycle Mobile Heat Pump

Problem Statement:

The goal of this project is to develop new energy-efficient field-deployable environmental
control units (ECU). By utilizing new technology in the thermodynamics field, new heat-
pump cycles can be applied that allow cooling without using the ozone-depleting CFCs that
normally occur in the cooling cycle.

Global goals have been established to reduce and eliminate the use of CFCs due to the global
warming issue. Federal regulations require that certain CFCs be phased out by 1995. To
accomplish this, new cooling technologies must be explored.

Project Description:

The technical objective is to develop a thermoacoustic heat pump to provide a bare base with
highly efficient, low maintenance heating, ventilating and air conditioning (HVAC) systems.

The technical approach will be to utilize traditional heat engine cycles, such as the Carnot
cycle, which have been used in the past with the assumption that the cycle was a reversible
function. There are limiting values never realized in practical heat engines due to the
unavoidable irreversibility, such as thermal diffusion and viscous dissipation, which always
reduce performance below the ideal Carnot values. In thermoacoustic engines, the
irreversibility is due to the imperfect (diffusive) thermal contact between the acoustically
working fluid and a stationary second thermodynamic medium that provides the required
phasing. This project will develop a computer model to optimize a thermoacoustic heat
pump on the basis of resonance and system size. The computer model will consider the cost
effectiveness and identify the optimum thermoacoustic configuration for a prototype model.
The prototype will be fabricated to validate the practicality of a working heat pump to meet
bare base requirements. The resulting configuration will be tested and its performance data
compared with current systems to determine the cost effectiveness of the new equipment.

This effort will eliminate the use of CFCs on deployable heat pumps and provide a more
energy efficient method for heating and cooling. This will reduce the amount of fuel needed
to meet requirements.

Expected Payoff:
The research, development of this advanced energy conversion technology will increase
operations efficiency and eliminate the use of CFCs as operational media. Clean ECU are

essential for successful mission operations and sortie generation. Efficient resource utilization
will result in significant cost and cleaner environmental benefits.
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Milestones:

Start Program FY93

Literature/Technology Review FY93-FY%
Computer Mode FY93-FY95
Thermodynamic Cycle Analysis FY94-FY95
Energy/Economic Optimization Analysis FY95-FY96
Small Scale Testing FY95-FY97

Transition Plan:

The results of this R&D will be transitioned to Wright Laboratory Flight Dynamic Air Base
System (FIVC) 6.3 operational prototype validation program. This will support base civil
engineers requirement to use environmentally friendly cooling media.

Funding: ($K)

FY93 FY9%4
500 950
Performers:

Department/Agency Laboratory: US Air Force, Wright Laboratory Flight Dynamic Air Base
System (FIVC). Planned Cooperative Agreements: None

Technical Point of Contact:

Douglas E. Klaymejer
WL/FIVCO

Tyndall AFB, FL 32403-5319
TEL: (904) 283-3730

DSN: 523-3730

FAX: (904) 283-3722

DSN: 523-3722
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SERDP Thrust Area: Alternate/Clean Energy
Title: Utilization of Biomass Technologies on Military Installations

Problem Statement:

The goal of this is to demonstrate an innovative energy conversion technology fueled with
biomass at a DoD installation. The DoD operates a large number of small energy conversion
systems that burn fossil fuels and are in need of repair or replacement. These systems emit
substantial amounts of air pollutants (SO, and particulate) which must be controlled.
Converting or replacing existing equipment with systems that utilize biomass would
eliminate SO,, produce zero net gain of CO,, reduce air toxic emissions, and reduce waste
disposal problems. The biomass fuel supply would be generated by activities on-site, in the
community, and/or from dedicated feedstock supply systems (DFSS). This project is an
opportunity for the DoD, EPA, DOE, USDA, AID, national labs, and industry to cooperate in
demonstrations that will benefit each organization. The project would build upon the
EPA/OPPE and DoD study "Enhancing Management of Forests and Vegetation on
Department of Defense Lands: Opportunities, Benefits, and Feasibility", the EPA/AEERL,
DOE, and AID biomass integrated gasification/gas turbine study, the USDA work with a
wood fired combustion turbine, utilization of wood palates and marketing of cull trees, the
NREL gasifier scale-up in Hawaii, the Western Research Institute work with co-firing wood
and coal in a turbine, the Regional Biomass Program utilization of biomass, the EPA/AEERL
multi-fuel combustor research, and ORNL research in DFSS. Existing efforts have focused on
large scale systems or mature technologies. The small scale innovative energy conversion
technologies have been neglected.

Project Description:

The technical objective of this project is to demonstrate that innovative energy conversion
technologies fueled with biomass are technically, economically, and environmentally feasible
for DoD installations, industries, and developed countries. The technical approach is to
identify the DoD site, select the most viable technology, identify the partners, and design,
build, and test the system. The DoD/CERL (Gary Schanche) would provide the
demonstration site, specific information to aid the technology selection process, and system
operators. The EPA/AEERL (Carol Purvis) will select technologies to be considered, evaluate
environmental and site specific data, and coordinate project participant’s activities. The
DOE/NREL (Ralph Overend) would provide their expertise in the technology selection
process. The Regional Biomass Programs, USDA (Andy Baker) and ORNL (Lynn Wright)
would provide off-site resource information, including DFSS. Industry would provide
system development/design and hardware depending on the technology selected.
AID/Winrock would examine opportunities for transferring technology to international
markets. The project relates to the needs of the DoD by supporting Pillar 3 of the Tri-Service
Research Plan, Thrust 3.M: Reduce greenhouse gas emissions, (3.V.2.d) Improve efficiencies
of mechanical systems and (3.V.3.a) Alternative/renewable energy sources and the DOE by
supporting Title XII: Renewable Energy of Energy Policy Act of 1992, H.R. 776/Public Law
102-486, +direct combustion or gasification of biomass and +biofuels energy systems. The
technical risks will be minimized by the proper selection of technology based on the available
site, size of system, type of fuel, qualifications of operators, and lessons learned by all

27




cooperators.
Expected Payoff:

Conversion technologies fueled with biomass could be applied in developed or developing
countries, industrial sites, or rural areas. The technologies could be modularized to allow for
varying fuel supplies or energy demand. The benefits for the DoD to convert or replace
these systems with biomass fueled systems are 1) reduce air emissions, 2) minimize on-site
and community waste disposal, 3) savings from tipping fees, purchase of fossil fuels, and
electricity, 4) energy security at domestic and international military installations, and 5)
promotion of exportable technologies.

Milestones:

- Identify available site(s), the existing system, and on-site

fuel supply. 04/93
- Identify various technologies. 04/93
- Identify off-site fuel supplies. 05/93
- Select site(s). 06/93
- Select appropriate technology(ies) for selected sites. 08/93
- Establish partnerships with government and industry. 09/93
- Define contributions and responsibilities of partners. 10/93
- Assist with design of system. 11/93
- Begin demolition/construct of system. 01/94

Transition Plan:

The coordination between DoD and partners will be such that the design of the project will
be in the best interest of the DoD installation. This project would provide the jump start
needed for the development of equipment, design of systems, and creation of markets.
Biomass fueled technologies will help provide sustainable energy without being detrimental
to the environment. The following is one example of a technology that could be
demonstrated and the benefits. Energeo’s system is a closed Brayton Cycle - a turbine using
air as the working fluid which is heated via heat exchangers in a fluid-bed combustor. The
benefits of this system are 1) less turbine maintenance because of air working fluid, 2) fuel
flexibility because combustor and turbine are closed systems, 3) easily exportable because
system is designed to fit in shipping containers, 4) small size (700kW) can be modularized,
and 5) utilizes biomass. A successful demonstration would allow developing countries to get
approval for financing from multi-lateral lenders. The potential systems will be comprised of
off-the-shelf components or manufacturable by existing industries. Developing countries are
in dire need of this type of technology because biomass waste is both a disposal and air
pollution (open burning) problem and diesel fuel is too costly to import.

Funding:
- SERDP would provide $750,000 per year for FY93-96.

- DoD would provide the site and system operators.
- EPA/ORD would provide in-house multi-fuel combustor ($500K) and staff operators
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($250K) for fuel testing. In addition, approximately $1M of a pending FY94 initiative for
GHG emission reduction technologies would support this program.

- EPA/OPPE would add forest and agricultural sector to GEMINI U.S. energy sector model
to assess biomass energy feasibility ($100K) and perform analysis of large scale use of
biomass in U.S. power sector ($200K).

- TVA FY93 funding is temporarily frozen due to a reorganization but expect to be interested
in co-funding in FY%4. :

- DOE and NREL FY93 funding is already committed but are prepared to consider the project
for FY94 funding.

- NWEA will provide in-kind staff time in FY93 and are prepared to commit $25,000 in
FY94-96.

Performers:

Demonstration of energy conversion technologies utilizing biomass will be performed
through the cooperation of the EPA, DoD, DOE, USDA, AID, national labs, and industries.
This government/industry cooperation should lead to future CRADA’s between government
and industry.

Primary Sponsor:

Air and Energy Engineering Research Laboratory (AEERL)
Office of Research and Development

US Environmental Protection Agency (EPA)

MD-60

Research Triangle Park, NC 27711

TEL: (919) 541-3006

FAX: (919) 541-5227

Co-Sponsors: The following organizations have been contacted and agreed to be funding co-
sponsors or partners who will at a minimum provide in-kind support.

Construction Environmental Research Lab National Renewable Energy Lab (NREL) -

(CERL) - Gary Schanche Ralph Overend

Office of Research and Development 1617 Cole Boulevard

US Army Corps of Engineers Golden, CO 80401

P.O Box 9005 TEL: (303) 231-1450

Champaign, IL 61826-9005 FAX: (303) 231-1352

TEL: (217) 398-5505

FAX: (217) 373-3430 Electric Power Research Institute (EPRI) -
Evan Hughes

Office of Conservation and Renewables - P.O .Box 10412

Mike Reed Palo Alto, CA 94303

Department of Energy (DOE) TEL: (415) 855-2179

1000 Independence Ave. SW FAX: (415) 855-2954

Washington, DC 20585

TEL: (202) 586-0974
FAX: (202) 586-0784
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Power Generating, Inc. (PGI) - Bob
McCarroll

2501 Parkview Drive, Suite 500
Fort Worth, TX 76102-5800

TEL: (817) 332-8553

FAX: (817) 332-2834

Thomas R. Miles Consulting Design
Engineers - Tom Miles, Jr.

5475 S.W. Arrowwood Lane
Portland, OR 97225

TEL: (503) 292-0107

FAX: (503) 292-2919

National Wood Energy Association
(NWEA) - Scott Sklar

777 North Capital Street NE, Suite 805
Washington, DC 20002

TEL: (202) 408-0664

FAX: (202) 408-8536

New York State Energy R&D Authority
(NYSERDA) - Jeff Peterson

2 Rockefeller Plaza

Albany, NY 12223

TEL: (518) 465-6251 X288

FAX: (518) 432-4630

Forest Products Lab (FPL) - Andy Baker
Forest Service (FS)

US Department of Agricultural (USDA)
One Gifford Pinchot Drive

Madison, WI 53705-2398

TEL: (608) 231-9472

FAX: (608) 231-9592

Winrock International - John Kadyszewski
US Agency for International Development
(AID)

1611 North Kent Street, Suite 600
Arlington, VA 22209

TEL: (703) 525-9430

FAX: (703) 243-1175
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Tennessee Valley Authority (TVA) - Dale
Bradshaw

1101 Market Street, 3N71A Missionary
Ridge Place

Chattanooga, TN 37402-2801

TEL: (615) 751-4573

FAX: (615) 751-6403

Briquetting Marketing & Services, Inc. -
Andy Lee

7126 Newton Ave. So.

Richfield, MN 55423

TEL: (612) 869-8896

FAX: (612) 861-3340

Energeo, Inc. - Phil Bray

235 Montgomery Street, Suite 820
San Francisco, CA 94104

TEL: (415) 394-7566

FAX: (415) 421-2354

Free Enterprise Systems, Inc. - Bob Tayloe

P.O. Box 514

Chapel Hill, NC 27514
TEL: (919) 929-3392
FAX: (919) 967-9243

Oak Ridge National Lab - Lynn Wright
P.O. Box 2008, MS-6352

Oak Ridge, TN 37831-6352

TEL: (615) 574-7378

FAX: (615)576-8143




SERDP Thrust Area: Alternate/Clean Energy

Title: Pilot Plant Demonstration of Methanol Production using the Hydrocarb Process with
Biomass Feedstock

Problem Statement:

The goal of this project is to demonstrate the feasibility of producing methanol from biomass
using the Hydrocarb process with special emphasis on the recovery of a clean liquid fuel
from abundantly available DoD biomass feedstocks.

Domestic supplies of petroleum are declining with adverse effects on national security and
balance of payments. Because of this and other facts, the strategic energy plan of the
Department of Energy anticipates that alternative fuel of some kind will be required in large
amounts by the year 2000. The Department of Defense is a large consumer of transportation
fuel and will increasingly compete with the private sector for available petroleum supplies.
The necessary future transition to an alternative fuel can be facilitated by participation of
DoD in the development of new technology to produce the best alternative from renewable
domestic resources at lowest cost.

This project is an enhancement of an existing project jointly funded by the EPA (FY 92 =
$400K) and the California South Coast Air Quality Management District (FY 92 = $125K) with
the participation of the Brookhaven National Laboratory.

Project Description:

Preliminary engineering feasibility studies and cost estimates carried out under EPA
sponsorship during 1990-92 indicate that the Hydrocarb process, which was conceived at the
Brookhaven National Laboratory, may produce a clean liquid fuel from biomass at a cost
lower than the equivalent cost of gasoline. Environmental effects, relative to gasoline
emissions, will also be greatly reduced. Most importantly, the assessments conclude that it
will yield more fuel from the given resources than any other technology. Those assessments
are based on theoretical process simulations and laboratory rate studies conducted at
Brookhaven. Pilot scale testing is now being undertaken in a joint project to further evaluate
the process.

The technical approach is to design, construct, and operate over a three year period, a 100
gal/day pilot plant in four phases. The SERDP project would accelerate and enhance the
construction of the second phase, a methane pyrolysis reactor, which is the critical
component of the system. When completed, the pilot plant would demonstrate the recovery
of clean fuel from wastes produced at military installations; e.g., rubber tires, discarded
fabrics, spent organic wastes.

The Energy Policy Act of 1992 (P.L. 102-486) provides that the Department of Energy shall
establish programs to promote replacement of petroleum motor fuels with alternative fuels to
the maximum extent possible in order to ensure the availability of alternatives that will have
greatest impact on reducing oil imports, improving national economy, and reducing
greenhouse gas emission. The numerical goals are 10% of petroleum motor fuels with

31




alternative fuel by 2000, 30% by 2010. Pillar 3 of the DoD Environmental Research Plan
(Pollution Prevention) THRUST 3.M: Reduce Greenhouse Gas Emissions is also directly
supported by this project which will produce alternative/renewable energy sources (3.V.3.a)
and eliminate/reduce hydrocarbon fuel use (3.V.2.b). The Hydrocarb process will reduce
greenhouse gas emissions by 67% relative to the gasoline displaced and at no incremental
cost.

Four other biomass gasification processes that could produce methanol from biomass and
three processes that could produce ethanol from biomass have been compared with the
projected performance of this process. These evaluations indicate that Hydrocarb could
produce over 4 times as much fuel energy from a given amount of biomass, and at less cost,
than the most advances processes now under development for production of fuel ethanol and
could produce 3 times as much methanol as any gasification process. Cost of fuel production
will be significantly less than either of those alternative routes.

Process simulation and optimization studies, laboratory rate studies and pilot plant
conceptual design have been completed. Design of a hydrogasification reactor is complete
and construction will begin in January. Design of the second unit, a methane pyrolysis
reactor will be undertaken in October. Gasification tests will begin in December. The second
year will involve testing of the gasification and pyrolysis units and installation of the
methanol synthesis unit. The integrated system will be evaluated in the third year.

Most of the involved process steps have been carried out independently on industrial scale,
but not at the specific temperatures and pressures needed for this process. The methane
pyrolysis unit, which involves high temperature indirect heating by a pressurized combustor,
will require development.

Expected Payoff:

If successfully developed, the Hydrocarb process could provide a large part of the fuel
requirements for military use, from secure domestic resources, as well as a large part of the
transportation fuel requirements of the U.S. public. The total U.S. land area that could be
used for short-rotation woody biomass farming is estimated to be capable of producing 6 to
12 quads of energy. Because Hydrocarb could produce methanol in amounts equivalent to
twice the gross energy content of the biomass, it could potentially supply two thirds of the
transportation energy requirements of the U.S. If one-third of that requirement could be met
with domestic methanol and the minimum estimated external costs of petroleum fuel
dependence is included, an annual saving of $25 billion would result.

Milestones:

Phase 1

Phases 2 and 3
Gasifier construction
Gasifier operation
Pyrolyzer design
Pyrolyzer construction
Pyrolyzer operation
Methanol unit plant
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Phase 4
Methanol unit construction
Integrated plant operation

Transition Plan:

The test unit is the smallest system that could provide useful information on the potential of
the process. If successful, evaluation on a process development unit 10 tons/day) and a
process engineering unit (100 or more tons/day) will be needed for final scaleup and
accurate assessment of performance and cost. It is clear that the private sector has no current
incentive to develop methanol as an alternative to petroleum —the true cost of which is
heavily subsidized by the public sector. It is essential therefore, if the best alternative is to be
made available by year 2000, that process development begin now. Support by DoD for the
initial development phase of this process should enhance the prospects for a secure supply of
its fuel requirements as well as assisting the public and private sectors with the development
of technology to meet the future needs of both. A successful pilot demonstration with DoD
support will greatly improve the prospects of early support by the petroleum industry for
scaleup and evaluation in larger systems.

Funding:

FY92 EPA $400K
South Coast Air Quality Management District (SCAQMD) $125K
Brookhaven National Laboratory (BNL) $50K in-kind staff time

FY93 EPA $120K
SCAQMD $375K
SERDP $500K
BNL $50K
Center for Emissions Research and Analysis (CERA) $6K

FY9%4 EPA $250K
SCAQMD $250K
SERDP $500K
BNL $50K
CERA 12.5K
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Performers:
Prime contractor

Acurex Environmental Corporation
555 Clyde Avenue
Mountain View, California 94039

Subcontractor
Hydrocarb Corporation
232 West 40th Street
New York, NY 10018

Thomas R. Miles

T.R. Miles Consulting Design Engineers
5475 S.W. Arrowwood Lane

Portland, OR 97225

Technical Points of Contact:

Stefan Unnasch

Acurex Environmental Corporation
555 Clyde Avenue

Mountain View, CA 94039

TEL: (415) 964-5145

FAX: (415) 964-5145

Dr. Yuanji Dong

Bldg 526

Brookhaven National Laboratory
Upton, Long Island, NY 11973
TEL: (516) 282-3056

FAX: (516) 282-3000

Robert Borgwardt

Global Warming Control Branch

Air and Energy Engineering Research Laboratory
U.S. Environmental Protection Agency

Research Triangle Park, NC 27711

TEL: (919) 541-2336

FAX: (919) 541-2382
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Compliance

Project Title Page Funding
Number | FY93 (K)

Steady-state and Nonsteady-state Source NOx Emission Control 37 1,000
(AF)

Combination Sorption/Catalyst Medium for Destruction of 41 500
Halogenated VOCs - Dover Air Force Base (EPA)

Atmospheric Chemistry of Model AF Pollutant Compounds (AF) 45 255
Encapsulation of Hazardous Ions in Smectite Clays (DOE) 47 352
Fundamental Studies of Hazardous Metal-Ion Separations 53 450
Chemistry (DOE)

Dispersion in the Convective Boundary Layer (EPA) 57 200
Fundamental Studies of Thermal, Plasma, and Photochemical 59 350
Processing for Waste Disposal Applications (A)

Energy Conservation and Air Toxic Compliance Plan for DoD 62 550
Industrial Facilities (A)

Supercritical Water Oxidation of Hazardous Waste (N) 65 900
Kinetic Mechanisms for Supercritical Water Oxidation (DOE) 72 490

Advanced Testing of Emissions Produced During Open-Air 76 568

Destruction of Energetic Materials (A)

Solar Detoxification of Explosives in Water (DOE) 79 890
Hydrothermal Reduction of Eroded and Intact Energetic Wastes 85 390
(AF)

Catalytic Extraction Processing of Energetic Wastes and | 90 600

Munitions (A)
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Project Title

.

Page

Number

Funding
FY93 (K)

e-SCRUB - The Application of DNA Pulsed Power to Electron
Scrubbing of Flue Gas to Remove Unwanted By-products
(DNA) *

833

Shipboard Non-Oily Wastewater Treatment System (N)

101

1,325

(A)

Single Event Noise Exposure/Development and Human 105 350
Response Prediction Model (AF)

Turbulent Boundary Layer Effects on Sound Propagation (A) 109 175
Small Arms Range Noise Mitigation Technology Demonstration 111 100

Contaminant Dispersal Model for San Diego Bay (N)

114

690

Portland-Cement Concrete Liners and Tanks for Isolating 119 90
Hazardous Wastes (A)
Capacitive Deionization as a Means of Eliminating Secondary 121 795
Wastes (DOE)
Glassy Materials Modeling for Hazardous Waste Immobilization 124 150
(A)
Waste Tank Remediation: Analysis and Waste Form 126 217
Development (DOE)
Technical and Economic Assessment of Storage of Industrial 131 1,500
Waste on Abyssal Plains (N) *

Total 14,970

* Congressional Interest Program
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SERDP Thrust Area: Compliance
Title: Steady-state and Nonsteady-state Source NOx Emission Control

Problem Statement:

The goal of this project is to define the practical limits to which reactive sorbent technical
based on vermiculite and a coating of magnesium oxide (MgO) on vermiculite can be applied
to control oxides of nitrogen (NoX) in combustion and other process exhaust streams. NOx
emissions from stationary and mobile sources are or shortly will be subject to regulation
under titles II, IV, and VII of the Clean Air Act Amendments of 1990 (CAAA), and EPA’s
Office of Air Quality Planning and Standards (QAQPS) is presently gathering data to support
a set of regulations to be applied to jet engine test cells (JETCs).

Targeted department/organization: Air Force major command operations and maintenance
activities that emit combustion exhausts, other DoD operations and maintenance activities,
and private sector industrial operations will benefit from this research.

NOx--VOC interactions have been implicated in tropospheric ozone formation. Accordingly,
effective atmospheric protection strategies require control of both NOx and volatile organic
compounds (VOCs). Present-generation NOx-control methods are effective only on relatively
constant ("steady state") sources of NOx. The vermiculite--MgO sorbent was developed to
address the need to control NOx emitted from JETCs, which operate in a series of short
stages, drastically removed from steady state, and which cannot tolerate more than an inch
(water gauge) of back pressure from a control device. Bench- and prototype-scale tests
indicate that NOx removal by this sorbent is practically constant over a temperature range
exceeding 100° and over a range of space velocities exceeding a factor of 10, that
approximately 60% of NOx (and comparable amounts of carbon monoxide [CO] and
particulate matter) is removed, and that back pressure at the flow rates encountered in two
JETCs is approximately 5 inches (water gauge). Extrapolation to full scale gives an estimated
cost of $4.50 per pound (for the JETC at SMALC/LABHCE, McClellan AFB CA), well within
the criterion for cost effectiveness applied by OAQPS, and a standard of 50% removal is
likely to be set in 1994 on the basis of this extrapolation. Design modifications have been
proposed that should decrease back pressure to a nominal zero value, but it is untested at
present and we have not shown on full scale that these sorbents can be used as a practical
NOx control device. Unless the construction and evaluation here proposed is accomplished
before OAQPS issues its standards, DoD is at risk of facing a regulation for which no
technology exists.

Because the vermiculite--MgO sorbent is inexpensive and nonhazardous, and because its
spent form is regenerable or disposable (as a nonhazardous waste) as a beneficial soil
amendment, it has potential for application to a spectrum of steady-state sources as well.
Concurrent evaluation for steady-state and nonsteady-state applications at a single site offers
significant economies by sharing personnel and analytical facilities.

The mechanism of NOx removal by MgO coated on vermiculite appears to derive from

distortion of the MgO structure, which allows metathesis and oxidation to form Mg(NO3)2 at
or near the surface. The kinetics of this process and the influence of ethylene (selected as a
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representative hydrocarbon contaminant) on the kinetics are the subject of a dissertation at U
of Florida, on which work will begin during FY 93. A second dissertation, to be supported
concurrently at Penn State U as part of this project, will examine the kinetics of reaction of
NO, NO,, and CO in the presence of uncoated vermiculite. Taken together, these two studies
will provide a sound experimental basis for designing applications of
vermiculite/vermiculite--MgO technology. This is a new project.

Project Description:

The principal technical objective of this project is use the engineering platform of a full-scale
installation on an operating JETC to work out the technical details needed to prepare a
generic design for a NOx control for JETCs (or, in the worst case, to establish definitively that
this approach is incompatible with JETCs before OAQPS specifies it as Best Available Control
Technology.) The secondary objective is to gather performance and cost data (including
disposal of spent sorbent) for applications to a representative spectrum of steady-state
sources: a field incinerator for spill remediation, a boiler, a bank of diesel generators, and
tailpipe emissions from gasoline and diesel vehicle engines. The latter will be used in cost--
benefit comparisons with established control technologies.

My two graduate students will operate independently of the site construction, working out
the kinetics and mechanism of action of uncoated and MgO-coated vermiculite on NOx and
on elementary, reducible carbon species. A control system will be designed for and installed
on JETC#2, McClellan AFB, California (or another AFMC center if McClellan is selected for
closure). This system will be refined and modified as an engineering test bed until
satisfactory removal efficiencies are observed at back pressures low enough (a criterion to be
experimentally determined) to permit "normal” operation of the cell, and until the sensitivity
of the system--JETC interaction to variations in working conditions is understood. A
modular emission control device will be designed and installed, in turn, on the stacks of an
incinerator at a hazardous spill site, a boiler, and a bank of diesel electric power generators.
Such variables as bed area and thickness will be examined to determine "best" treatment
conditions (for each stack), and removal and cost data will be gathered. A tailpipe-size unit
(backed up to a mechanical filter or a precipitator to prevent contamination of the vermiculite
bed by soot and metal particulates) will be assembled and refined on an automobile exhaust
pipe in a garage. After satisfactory operating characteristics are established, the unit will be
road tested on a gasoline powered vehicle (to determine effect on performance and
ruggedness of the unit) and then on a diesel-powered vehicle. Sorbent used in each stage of
testing will be analyzed carefully to determine the extent of contamination, if any, by heavy
metals, which will determine disposability.

Relationship to DoD environmental objectives: This research directly contributes to the
requirement to control maintenance process emissions as identified in the Tri-Service
Environmental Quality Strategic Plan, DoD Pillar 2: COMPLIANCE; Requirement thrust
2.B.2: Maintenance Process Emissions (Test Stands and Cells). It also addresses California
requirements for reduction of NOx emissions from fixed and mobile sources.

This is a continuation of a Small Business Innovation Research (SBIR) program that began

with seven independent approaches to Nox control for JETs. Six were dropped as
impractical or cost-ineffective at their present state of development, and the sorbent concept
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was carried to the limit allowed by SBIR rules. (A thesis underway at Cal Irvine is examining
the effect of mixing efficiency on the rate and extent of NOx removal by the Thermal DeNOx
process, but the temperature requirements for DeNOx treatment are incompatible with
temperature distributions in the augmenter tube of a JETC.) Two new SBIR contracts will
explore alternative approaches to NOx control for JETCs, but will take several years to
deliver a workable product in the best of circumstances.

There are a few limited risks. Sensitivity to even minimal back pressure may prevent
treatment of JETC exhausts by this method. Leakage from JETC during high-flow operation
(afterburner) may exceed limits acceptable to EPA. Metal accumulation in the sorbent may
convert it into a hazardous waste in an impractically short amount of time. (Pretreatment by
filtration or precipitation should control the accumulation of particulates from steady-state
and mobile sources; it is incompatible with the JETC.) The sorbent may not be as cost-
effective as existing control methods.

Expected Payoff:

For JETCs, this effort will provide definitive information to guide the design and
implementation of the only control technology that is presently able to meet incoming (FY 94)
standards for NOx emission control. Return on Investment (ROI) is ability to continue
operating facility, realized immediately. For vehicles, this effort will provide a tailpipe
emission control capability for NOx, CO, and (possibly) hydrocarbons that uses no noble or
heavy metals and that can be disposed as a nonhazardous waste. Assuming implementation
at once, ROI also very short because NOx reduction credit for mobile sources will lessen
pressure against other sources. For stationary steady-state sources, this effort will provide a
competitive alternative to present methods of stack NOx and CO emission control that will
have to be evaluated from data generated in this and other studies on a case-by-case basis.
ROI estimated at 7.9 years.

Milestones: Following is the schedule of tasks/activities:

Complete Detailed Design for JETC; Stack testing at Site DOA + 60 days

Assemble Bench-Scale Rig for Tailpipe Tests DOA + 120 days
Prepare Sorbent DOA + 180 days
Design for Stack Control DOA + 180 days
Garage testing of Prototype Tailpipe Control DOA + 240 days
Fabricate JETC, Stack Controls DOA + 270 days
Installations on JETC, Incinerator DOA + 360 days
Road Testing of Prototype Tailpipe Control on Automobile | DOA + 360 days
Reinstall Control on Diesel Bank DOA + 450 days
Dissertations (Final Reports) on Mechanisms of Action DOA + 480 days
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Road Testing of Prototype Tailpipe Control on Diesel DOA + 480 days
Truck

Test Data from JETC DOA + 540 days
Reinstall Control on Boiler DOA + 630 days
Detailed Evaluation of Disposability /Recoverability of DOA + 720 days
Sorbents

Performance and Case Analysis DOA + 780 days
Final Report DOA + 840 days

The Air Force Center for Environmental Excellence’s Technology Transition Division and the
Control Technology Center at EPA Air and Energy Engineering Laboratory will be
continually advised of the status of this research and will assist in the transition throughout
the Air Force, other federal agencies, and the private sector. EPA-OAQPS will be updated
regularly on progress on the JETC control, and will likely rely heavily on that information to
guide the final definition of regulated standards.

Funding: ($K)

SERDP 6.3  FY93 FY94 TOTAL
1000 800 1800

Performers:
Primary AF POC: AL/EQS, Dr. Joe Wander (904) 283-6240/FAX 283-6286/6090.

Performing organization: Sorbent technologies Corporation (Twinsburg OH) or similar
contract source that can provide needed ideas and expertise.

Planned cooperative/coordinating agencies: EPA-OAQPS
Technical Point of Contact:

AL/EQS, Dr. Joe Wander

139 Barnes Drive, Suite 2
Building 1120, Stop 37

Tyndall AFB, FL 32403-5323
TEL: (904) 283-6240

FAX: (904) 283-6286/6090/6064
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SERDP Thrust Area: Compliance

Title: Combination Sorption/Catalyst Medium for Destruction of Halogenated VOCs - Dover
Air Force Base

Problem Statement:

The goal of this project is to continue development, evaluation and optimization of an
innovative adsorbing catalyst which will be pilot tested at the Dover Delaware Air Force Base
as an alternative low-cost approach for eliminating Trichloroethylene (TCE) air emissions
which occur during waste water cleaning operations. The US EPA Air and Energy
Engineering Research Laboratory (AEERL) has sponsored research cooperatively with the Air
Force to develop and optimize a single medium which first will act as a sorbent to remove
low concentration VOCs at room temperature and then act as a catalyst at about 350°C to
destroy the VOC.

The Y-Zeolites used as the base for the Zeolite/Transition Metal Oxide catalysts can be
treated to have both high adsorption capacity and maintain their effectiveness in deep
oxidation of chlorinated VOCs. Normally the catalyst would adsorb the VOC; but on
regeneration cycles, heating the VOC would initiate its reaction as well as the desorption and
reaction of the adsorbed VOCs. The project will expand the zeolite-transition metal oxide
(TMO) catalysts developed with the University of Akron. These catalytic systems have the
high activity, selectivity, and thermal stability necessary to effectively and economically
destroy chlorinated hydrocarbons in dilute, humid VOC streams such as those at Dover Air
Force Base.

This project is an enhancement to an existing SERDP project. $300K of Phase I SERDP funds
were received in FY92 to augment the existing EPA efforts described above.

Project Description:

The previous research sponsored by EPA identified the important requirements that such a
catalytic system must have. These are (1) low maintenance expense, (2) low initial cost, (3)
low pressure drop, and (4) low operating temperature. The benefits of the development of
such systems were broad and have lead to new approaches on how they can be applied to
the control of emissions of higher concentration chlorinated hydrocarbons and of other
halogenated and substituted hydrocarbons, which are generally toxic in nature; and to the
control of other volatile organic compounds which contribute to the ozone non-attainment
problem or stratospheric ozone depletion problem.

The technical objective is to destroy halogenated VOCs contained in dilute, humid, and high
volume streams such as those at Dover AFB without continuously heating this high volume
stream to the 350°C to 500°C range. Initially sorbent/catalyst medium will adsorb the VOCs.
The stream and bed will then be heated to initiate the catalytic reaction. Tremendous energy
savings will result from only having to heat this stream on a part-time basis. This
adsorption-reaction technique avoids the use of parallel beds and permits long unattended
adsorption cycles followed by short desorption/reaction cycles. The low pressure drop
associated with these high surface area supported zeolite monoliths would significantly lower
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treatment costs of dilute, high flow streams such as those at Dover.

AEERL working cooperatively with the Air Force will evaluate the applicability of the
innovative absorbing catalyst as a control technology for TCE air streams at Dover AFB.
Laboratory testing and pilot scale field tests will be conducted to further optimize the
adsorption capabilities of the Y-Zeolites and evaluate their performance on actual
contaminated air streams.

This work will directly support a waste water cleanup effort at Dover Delaware Air Force
Base. The emphasis of this cleanup is to eliminate air emissions of a two carbon halogenated
VOC (TCE). This project will support cleanup of single carbon halogenated VOCs (carbon
tetrachloride and methylene chloride) at the Hanford and Savannah River DoE sites. This
research also supports Thrust 2.C.2 (Disposal Operations) of the Tri Service Environmental

" R&D strategy which includes a section (2.1.1.b) on controlling VOC air emissions from
industrial waste treatment processes.

The additional FY93 SERDP funding will accelerate the development of these advanced
adsorbing catalysts and will provide the opportunity to demonstrate their capabilities at
additional sites and for different applications. This further development will improve the
adsorption capabilities of the Zeolites and bring them to the commercialization stage more
quickly.

Tasks for this project include the characterization of sorbent capacities of present catalysts,
characterization of heat effects in present catalysts, and development of new sorbent/catalyst
systems. Tests for new sorbent/catalyst and design calculations for sorbent/catalyst reactor
system would be produced as well as a guidance method for initial pilot/field test.
Additionally, construction and testing of new sorbent/catalyst reactor system and a guidance
method for second pilot/field test must be conducted. Lastly, tasks must be scheduled for
catalyst deactivation runs, scale-up and economic calculations, and guidance for final
pilot/field test.

The two major technical issues are (1) finding a sorbent that is also catalytically active and (2)
controlling the desorption reaction without excessive heat effects (catalyst deactivation).

This a continuation of SERDP Phase I work being performed under a Cooperative Agreement

with the University of Akron entitled "Development of New Catalytic Methods for
Destruction or Transformation of Halogenated VOCs".

Expected Payoff:
In addition to assisting Dover AFB address their TCE emissions, this research will support
cleanup activities at other DoD, DoE, and industrial sites. This technique can also be applied

to both large and small (e.g., dry cleaners) air sources of halogenated VOCs.

This additional SERDP funds will speed up efforts to optimize the adsorption capability of
the zeolite based compounds thereby enhancing renewal efficiency.
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Milestones:

Award of new Cooperative Agreement FY92
Expand characterization of sorbent capacities of FY93
present catalysts

Expand characterization of heat effects in present catalysts FY93
Expand development of new sorbent/catalyst systems FY9%
Expand tests for new sorbent/catalyst FY9%4
Accelerate design calculations for sorbent/ catalyst FY9%4
reactor system

Provide Guidance for Initial Pilot/Field Test FY94
Expand construction of new sorbent/catalyst reactor system FY9%4
Submit expanded Phase I Report FY9%4
Test new sorbent catalyst reactor system FY95
Provide Guidance for Second Pilot/Field Test FY%95
Carry out catalyst deactivation runs FY95
Make scale-up and economic calculations FY95
Provide Guidance for Final Pilot/Field Test FY95
Submit Final Report FY95

Transition Plan:

Battelle Columbus, the contractor for U.S. Air Force (USAF), is working with the University
of Akron Principal Investigator, Dr. Howard Greene. A zeolite/TMO catalyst was developed
under the previous Cooperative Agreement in support of an Interagency Agreement (IAG)
with the Air Force. Dr. Greene will supply this catalyst and the sorbent/catalysts developed
under this work to Battelle. In addition, Dr. Greene and the EPA Project Officer will
coordinate with Captain Edward Marchant (USAF), John Steele (DoE Manager of Waste and
Environmental Remediation for Westinghouse Savannah River Lab), and Steve Stein (Battelle
contractor for Hanford).

Funding: ($K)

FY92 FY93 FY9%4
300 500 500

In addition to these SERDP funds, the Air Force has also contributed substantial resources
over the last three years towards this effort.

Performers:
This research will be performed under the direction of EPA's Air and Energy Engineering
Research Laboratory. EPA will use the expertise of Dr. Howard Greene at the University of

Akron to conduct the research. These efforts will be coordinated with Capt. Edward
Marchant of the USAF.

43




Technical Points of Contact:

Chester Vogel

Senior Project Officer

~ Organics Control Branch, MD-61

Global Emissions and Control Division

Air and Energy Engineering Research Laboratory
Research Triangle Park, NC 27711

TEL: (919) 541-2827

FAX: (919) 541-2157

Dr. Howard Greene (Principal Investigator)
Research Professor

Department of Chemical Engineering
University of Akron

Akron, Ohio 44325-3906

TEL: (216) 792-7254

FAX: (216) 792-5856
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SERDP Thrust Area: Compliance

Title: Atmospheric Chemistry of Model Air Force Pollutant Compounds
Problem Statement:

The goal of this project is to characterize a generalized series of mechanisms by which
organic pollutants released during Air Force operations or accidents react during solar
irradiation in the atmosphere.

The Air Force uses large quantities of volatile organic liquids as fuels and fire extinguishing
agents, and during manufacturing and maintenance operations. Most of these materials
qualify as volatile organic compounds (VOCs), because they contribute to photochemical
formation of smog and ozone. However, the extent to which each contributes to these
processes depends on its respective photochemistry. In conjunction with dispersion models,
computational models of reactivity as a function of structure will be a valuable tool for
identifying quantities of these organics that can be released without exceeding ambient air
quality standards. This effort will contribute to the base of reaction information from which
such models of atmospheric reactivity will be generated.

This is a new project which will measure rate constants and products formed from strained
hydrocarbon fuels and fluorinated fire extinguishing agents.

Project Description:

The technical objective of this project is to quantify rate constants for the principal (direct and
indirect) photochemical reaction pathways followed by a representative set of examples of
strained hydrocarbons and of fluorocarbons and bromofluorocarbons.

The technical approach is to expose dilute gaseous solutions of the respective organic species
in simulated airs of varying composition to artificial light at selected frequencies from the
solar spectrum. These reactions will be conducted in any of several existing atmospheric
chambers, which are specialized to support analysis of the course of the reaction or of the
products by gas chromatography coupled with mass spectrometry or with infrared
spectroscopy (IR), or by long-path Fourier-transform IR.

This project fits in section 2.A.2 of Tri-Service Environmental Quality Strategic Plan as part of
Atmospheric Chemistry of Pollutants.

Elucidation of the atmospheric fate of Air Force chemicals has been a major component
through several reorganizations of the Environmental Quality Laboratory. This effort builds
on methods developed and verified for simpler structures, and it will expand the base of
quantitative information about atmospheric reactions of organic molecules.

The major tasks in accomplishing the goals of this project are to measure the rate constants

for disappearance of original organic, measure rates of appearance of products, and to
identify and measure rates of formation and disappearance of intermediated products.
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This effort will supplement knowledge gained from previous research conducted in AF
laboratories investigating the atmospheric chemistry of VOCs.

The technical risks of this project are minimal--the experimental technology is well-
developed, and the two classes of compounds selected for study are readily available and
stable to conditions of purification.

Expected Payoff:

Air Force (and other DoD and civilian agencies) will be able to decrease the risk of
implementing another Halon 1211 or CFC-113, with the attendant costs of remediation and
disposal of the material and development and qualification of a replacement. For
compounds exhibiting acceptable levels of atmospheric reactivity, the models will allow cost-
effective tuning of control technologies to provide compliance with air quality standards.

Milestones:

Lab facilities in place Apr 93
Study OH Chemistry and Kinetics Sep 93
Examine Combustion Properties Mar 94
Study Ozone Chemistry and Kinetics Jan 95
Study NO, and NO Chemistry and Kinetics Sep 95

Transition Plan:

Reaction schemes and rate constants will be incorporated into Air Force Photochemical
Model Upgrade, scheduled as an FY96 start under thrust 2.A.2. Sequential refinements of the
photochemical model will be distributed at appropriate stages of that program, and
presumably continue to be improved by validation testing and as additional data on new
compounds become available. The Air Force Center for Environmental Excellence’s
Technology Transition Division will be continually advised of the status of this research and
will assist in the transition throughout the Air Force, to other federal agencies, and to the
private sector.

Funding: ($K)

FY93 FY9%4
255 185

Technical Point of Contact:

Dr. Clark Moore

AL/EQVC

139 Barnes Drive

Tyndall AFB, FL 32403-5319
TEL: (904) 283-6061

FAX: (904) 523-6004

46




N

SERDP Thrust Area: Compliance
Title: Encapsulation of Hazardous Ions in Smectite Clays

Problem Statement:

This basic initiative seeks to develop new and novel materials for the long term storage of
hazardous metal ions, particularly those of toxic heavy metals and radionuclides. The
approach to be used in based on fundamental work on chemically stable organic monolayers
at Harvard University and the Weizmann Institute. It involves the long-term encapsulation
of ions in a new class of hydrophobic smectite clays, whose properties can be tailored to the
specific chemical requirements of a particular hazardous species. The key idea behind this
experimental program is the initial introduction of hazardous cations into the matrix of clay
minerals, followed by the encapsulation the system with hydrophobic agents. Other
variations on this theme will also be pursued, including the direct synthesis of hydrophobic
clays around a hazardous cation.

Recent research in several laboratories has focused on the use of clays for environmental
remediation. Because of the inherently low cost of natural clays and their ubiquitous
presence in nature, the Department of Energy has called for additional research in this
promising area. Current investigations have sought to develop ways to utilize these
materials for the solution of problems in both organic and inorganic environmental
contamination. This proposal seeks to combine the results of previous studies with our own
expertise in surface modification of inorganic and polymeric substrates to create a new class
of materials for use in environmental restoration.

Smectite clays consist of sheets of aluminosilicates which are separated by an interlayer
which contains both inorganic cations, such as calcium and potassium, and water molecules.
The cations in native clays can be easily replaced by other cations through aqueous ion-
exchange processes. Therefore native clays can be readily used as filters for the removal of
hazardous heavy metals and radionuclei. For the remediation of organic materials, clays are
traditionally treated with quaternary ammonium cations that contain one long chain
hydrocarbon tail. These cations render the surface of the clay hydrophobic. The resulting
materials have a greater affinity for non-polar and modestly polar organic compounds.

In the traditional approach for creating hydrophobic clay surfaces, the inorganic cations of
the clay are replaced with quaternary organoammonium equivalents. This method is,
however, inappropriate for hydrophobic encapsulation of hazardous ions. Creation of a
hydrophobic clay by this process after a hazardous metal ion has been exchanged into the
interlayer will only cause the release of the harmful species back into the environment. Clays
which simultaneously bind hazardous cations and are hydrophobic are, however, of great
interest. Such clays should exhibit an increased resistance to leaching of the hazardous ions
out of the interlayer by water. These clays would therefore require less stringent storage
conditions once a hazardous material had been placed within them. Alternative methods,
ones which do not rely on ion-exchange, are required to create these desired hydrophobic
clays. The development of these methods, and the characterization and testing of the
materials which result from them, is the subject of this proposal.
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Project Description:

The research described in this proposal seeks to replace the traditional cationic methods for
creating hydrophobic clays with alternative general approaches which do not require the use
of charged hydrophobic species. Specifically, we shall covalently bind alkylsilane groups
(CH,(CH,),Si-) to the surface of the clay. This approach therefore will satisfy two
simultaneous objectives. First, it will maximize the capacity of the clay for the cation of
interest. Since clays are electrically neutral, there is a maximum limit to the number of
cations which can reside in the interlayer. By covalently binding the hydrophobic species to
the surface, all of the cationic charge within the clay’s interlayer is reserved for the cation
whose encapsulation is desired. Consequently, the volume required by the storage medium
for a given amount of hazardous waste will be minimized.

In contrast, the use of quaternary ammonium salts to change the surface properties of a clay
requires that some of the charge capacity within the interlayer be reserved for the
hydrophobic species. Second, the use of covalent bond to attach the hydrophobic medium to
the clay eliminates the possibility that the modified clay can revert by ionic exchange back to
the hydrophilic state. For example, the quaternary ammonium salts could exchange with
protons in the environment, thus eliminating the hydrophobicity of the clay. With the
organic species removed, the hazardous materials within the clay are susceptible to extraction
by water an the ions contained within the fluid. The covalent link between an alkyl chain

- and the surface of a clay, which is the basis of this proposal, is much more stable to the
environment.

The resultant silicon-oxygen bonds are stable to strong acids, water, and organic solvents.
Although this bond is susceptible to strong base, it resists attack under common
environmental conditions. Previous work has demonstrated that dense monolayers
containing from 2 to 18 atoms per alkyl chain form on surfaces of amorphous silicon oxide.
Since clay minerals also possess surface -OH groups, the techniques developed for the
creation of monolayers on silica should also be applicable to these aluminosilicates.

In addition to their reaction with surface -OH groups, the silanes react with surface water
molecules, thereby forming silicon-oxygen bonds between adjacent alkylsilanes. The network
of siloxane (-5i-O-5i-) bonds which is formed by this process constitutes a stable cross-linked
structure that is held in place by bonds to the substrate and to adjacent silanes. This
structure is of higher molecular density than that which can be achieved within clays through
the use of alkylammonium cations. Since the latter possess an electrical charge, their density
within the clay is limited by the charge capacity of the clay. For example, other workers
have demonstrated that neutral organic species can intercalate into hydrophobic clays created
by treatment with quaternary ammonium salts. In contrast well-formed monolayers of
alkylsilanes prevent the penetration of even organic species into their structure. Therefore,
this type of monolayer is expected to be an even more effective barrier to the entry of both
polar and non-polar solvents into the interlayer of a clay that contains a hazardous cation.
This fact is a further motivation for pursuing covalently modified clay surfaces.

The presence of the cations in the interlayer of a clay represents a possible complication for
the formation of the alkylsilane structures. The characterization of the cation in the
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hydrophobic medium will therefore be a major part of this project. In most cases, the
positively charged species in a clay’s interlayer are surrounded by solvating water molecules.
It is quite probable that, during the encapsulation process, these water molecules will also
react with the alkylsilanes. Such a process would further entrap the cation within the
hydrophobic structure.

The nature of this project requires a multidisciplinary approach to the creation,
characterization, and testing of this new class of clays. The initial focus of the research will
be the determination of the best experimental conditions for the creation of the hydrophobic
clays. One crucial question to be answered is whether solution or vapor phase depositions
for the silanes are better for this problem. The traditional techniques for the creation of
silane monolayers have relied on the use of solutions of the silane in organic solvents.
However, using gaseous silanes may enable the silane to penetrate further into the interlayer
of the clay and form a more extended network of silanes. The greater size of the
hydrophobic barrier which results from vapor phase depositions may result in a structure
which is even more stable to the environment.

Once the clays have been modified, they will be evaluated to determine how successfully the
newly created barriers prevent the migration of the hazardous cations out of the interlayer.
For these studies environmental stresses, both chemical and physical, will be simulated.
Several analytical techniques, including X-ray powder diffraction and atomic absorption and
UV-visible spectroscopies, will be used to characterize the stability of the hydrophobic layer
and the changes which the clay itself undergoes during the simulations. The results of these
measurements will characterize how the clays withstand various stresses and how much
material leaves the clay and enters surrounding fluids.

Expected Payoff:

The new clay materials created during this study offer the possibility of improved long term
storage for metallic cations whose re-entrai ce into the environment is undesirable. For dilute
radioactive wastes, clays can be used to filter the waste species out of the ambient medium.
The resultant radioactive clay minerals unfortunately pose several problems for long term
storage. If exposed to polar solvents that contain other cations, the immobilized radionuclei
can re-exchange out into the fluid. Rendering these clays hydrophobic without resorting to
charged surfactants such as quaternary ammonium species will result in materials that are
much more resistant to typical environmental stresses. Therefore less rigorous isolation
methods will be required for long term storage of these hazardous materials.

The modified clays will have a much different affinity for water than unmodified clays and
other minerals. This difference should provide an effective means for separation of the
hydrophobic materials from native minerals. If the hydrophobic clays are accidentally
remixed with other minerals, re-separation should be simple because of the drastically
different flotation properties of the former.

The raw materials for this project are inexpensive. Clays are a major constituent of the earth
and have many industrial uses. They have been proposed for a variety of environmental
uses where cost minimization is important consideration, such as in the recovery of fossil
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materials from the environment. Organosilanes have been used for over three decades for
the creation of reverse-phased chromatographic column packings. They are also extremely
inexpensive and readily available. Thus novel chemical concepts will be coupled in a
rational way to provide a practical solution to a significant environmental problem.

Milestones:

First Year:

Native clays will be used to examine both solution and vapor-phase creation of barrier layers
on the surface of the clay. The properties of clays which are treated with a series of silanes
that differ in the number of carbon atoms in the alkyl tail will be compared. In addition,
hydrophobic clays will also be prepared by the traditional method of cation exchange. The
latter substance will provide a useful comparison for the efficacy of the silylated systems.

In the past, alkylsilane monolayers have been created from alkyltrichorosilyl species.
However, dialkyl or trialkyl species may offer significantly improved surface properties.
While many of the monoalkyl species are available commercially, some of the di- or trialkyl
species may have to be synthesized.

. Characterization:

The first stage of this project will be to thoroughly characterize the native and ion-exchanged
clays. Power diffraction will be used to determine the spacing between the sheets of smectite
clays. The surface area of the clays will alsc be determined by BET isothermal
measurements. Similar measurements will be performed on clays into which transition d-
and f-elements have been introduced. The database created by these measurements will
permit the discrimination of those effects which arise from exchange of the cation within the
clay and those which are due to the presence of the hydrophobic surface layer.

Testing:

Most of the testing of the hydrophobic clays will occur during the second and third years of
this project. At the end of the first year, however, some of the evaluation procedures
discussed below will be initiated.

Second Year:

The primary focus of the second year will be in evaluating the effectiveness of hydrophobic
clays in encapsulating hazardous ions. For these studies the substrate will now consist of

ion-exchanged clays which contain transitional metal ions. These clays will be subjected to
- the hydrophobic treatment which was optimized during the first year.

Characterization:

The modified materials will be analyzed using the techniques discussed above. In addition,
X-ray absorption spectroscopy will quantify the changes, if any, in the local (<5 angstrom)
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environment experienced by the cation when the clay is exposed to both polar and non-polar
solvents. We will also use anomalous small angle X-ray scattering (ASAXS) to examine the
distribution of exchanged cations within the interlayer of the clays.

Testing:

The evaluation of the hydrophobic clays requires the monitoring of the composition of the
solvents to which the clays are exposed over a period of time. These studies will begin
during the second year. Immersion of the modified clays in various solvents for extended
periods will simulate the effects of such solvents in nature. The composition of the
surrounding solvent will be quantified, thereby indicating how effectively the modified clays
retain their cations. Hydrophilic clays will undergo the same simulations, thus functioning
as a control for the characterization of the hydrophobic materials. These tests will continue
into the third year.

Third Year:

During the first two years of this project we will focus on natural clay minerals. During the
third year we will examine alternative methods for encapsulating ions into clay minerals via
in situ synthesis of the clay. The Argonne Chemistry Division has an on-going program in
synthetic clays. The methods developed by this program will be applied to solutions which
contain representative transition d- and f- cations. These experiments will attempt to achieve
quantitative immobilization of the model cations within a clay lattice and interlayer.

Characterization:

The synthetic clays will be evaluated by a variety of methods. Powder diffraction and
surface are measurements will provide one indication in the success of the synthesis of the
clays. Small angle neutron scattering will be used to determine to what degree a layered
structure has formed in the synthetic material. The reactant solution will also be analyzed
for its elemental composition, thus indicating how effectively the cations of interest have
partitioned between the reactive medium and the synthetic clay.

Testing:

The long-term testing programs initiated during the second year will be continued. The
protocols will also be applied to the new synthetic materials.

Transition Plan:

This project relies on the cooperation of several research groups. The principal investigators
are members of the catalyst and clay programs at Argonne National Laboratory. The
personnel and the facilities of the Chemical Separations Science and Heavy Elements
Coordination Chemistry groups of the Argonne Chemistry Division will help in the
preparation and characterization of clays with tracers and other radioactive constituents.
Scientists at the American Colloid Company of Arlington Heights, IL, a supplier of clay
minerals for a variety of industrial uses, have agreed to consult on the creation and use
hydrophobic clays.
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Funding;

This proposal will require the services of one full-time staff member and one post-doctoral
appointee for the duration of the project.

The following table summarizes the costs for manpower, materials, supplied, analytical

services, and overhead.

Effort
Scientific Staff- months
Technical Services - months

Total Months
Total Effort in Years

Effort
Material and Services
Overhead and Assessments

Capital Equipment

Year 1 Year 2 Year 3 Total

24 24 24 72

6 6 6 18

30 30 30 90
2.5 2.5 2.5 7.5

Estimated Cost (in

Total Estimated Cost

Technical Point of Contact:

Stephen R. Wasserman
Chemistry Division, Building 200
Argonne National Laboratory
9700 S. Cass Avenue

Argonne, IL 60439

TEL: (708) 252-3527

FAX: (708) 252-9288

Kathleen A. Carrado
Chemistry Division, 200/E181
Argonne National Laboratory
9700 S. Cass Avenue
Argonne, IL. 60439

TEL: (708) 252-7968

Thousands)
FY93 FY94
$216 $229
$48 $50
$88 $92
$0 $0
$352 $371

52




SERDP THRUST AREA: Compliance

Title: Fundamental Studies of Hazardous Metal-Ion Separations Chemistry

Problem Statement:

This project will (1) enhance fundamental understanding of the coordination chemistry of
hazardous-metal-ion complexation and (2) exploit this knowledge to develop improved
separations for analytical methods, metals processing, and waste treatment.

Actinides and hazardous radionuclides (RA, Pu, AM, U, Cs, Sr, etc.), and other toxic metals
ions (Pb, Hg, Cr, Cd, etc.) must be removed or recovered from the environment (e.g.,
contaminated soils,; sludges; mine ores; process wastes; and geothermal and gas and oil well
waters) at a variety of DOE and DoD sites (e.g., Hanford waste tanks, Hg and Pb spills at
LANL and ORNL, etc). United States industry produces a variety of waste streams including
waste catalysts, electroplating waste waters, electronic wastes, and oil drilling and geothermal
wastes waters. These waste streams would greatly benefit from research and development of
metal-ion separations.

Because general metal-ion separations is such a broad area, this proposal is initially focused
on specific hazardous metal ions and specific challenges presented in both classical liquid-
liquid biphasic extraction and the newer separations arena of water-soluble chelating
polymers. Quite different aspects in separations are being addressed, so this proposal has
been divided into subtasks each with its own research objective, scientific background, and
approach with the accompanying funding and activities.

Subtask 1: Fundamental Toxic-Metal-Ion Separations Chemistry of Water-Soluble Chelating
Polymers

This subtask will investigate features of water-soluble chelating polymers that effect their
binding constants and selectivity for selected metal ions.

The use of water-soluble chelating polymers with ultrafiltration is a relatively new approach
for metal-ions separations. Bayer has best demonstrated the technique in the 1980s for
transition metal-ion separations and has performed some work with actinide binding using 8-
hydroxyquinoline attached to polyethyleneimine. The use of water-soluble chelating
polymers has been extended to a variety of application using a broader range of chelators,
some under development at LANL.

Characterization of the polymers upon functionalization with a chelating group can be
difficult, as it is in most polymer systems. Water-soluble polymers do have an advantage
because solution-based analysis techniques (e.g., NMR, UV, titration, etc) can be used for
their evaluation. Several questions must be answered: (1) What effect does the linking group
have on metal-ion binding of the ligan and is it greatly different from the free ligand? (2)
What is the density of the chelate group? (3) What is the effect of the polymer size and type
on selectivity and binding constants of the attached chelator? (4) Do the ligands function
similarly in an aqueous-based system and an organic-aqueous, biphasic extraction system? (5)
Do the functionalized polymers interact wit the ultrafiltration membrane surfaces in a
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different way from the free polymer?

Project Description:

This proposal will be using a multipronged approach. Examples of studies include (1)
Studying C-13 labeling to determine the extent of functionalization using NMR; (2)
synthesizing different linking groups and determining their effect on metal-ion binding; (3)
determining protonation constants potentiometrically and correlating them with specific sites
on the ligand using variable pH/NMR studies; (4) evaluating the ligands potentiometrically
in the presence of the metal ion of interest and determining the binding constants; (5)
correlating of complex equilibria with potentiometric data using spectroscopic techniques
(NIR, UV-Vis); (6) studying metal-ion selectivity on selected systems.

A program at LANL exists in ligand design for metal-ion separations, in which ligands or
complexants are developed and then chemically bound to water-soluble polymers for
development of applications to metal-ion separations. The applications include "Recovery of
Toxic Metal-lons from Electroplating Baths" (joint with Boeing Aerospace), "Development of
Ultralow Analysis of Actinides" (Mixed Waste Integrated Demonstration), and "Waste Water
Treatment for Actinide Removal" (Efficient Separations and Processing Integrated Program).
There is leverage with these projects, but none of the applied projects have built-in a basic
research component that allows for enhancing our fundamental understanding of these
systems.

Task/Milestone/Funding Summary:

a) synthesis of selected chelating polymer (FY93) ($200K)

b) labeling experiments (FY93) ($200K)

c) solution characterization studies (FY94) ($126K)

d) spectroscopic studies (FY94) ($100K)

e) potentiometric studies (FY95) ($150K)

f) integration and transfer of technology as appropriate to next phase (FY95) ($150K)
g) annual reports (deliverables) (one each in FY 93, 94, 95)

Subtask 2: Radium-, Cesium- and Strontium-Selective Complexing Agents

This subtask will focus on the design, synthesis, and characterization of macrocyclic
polyether ligands that are capable of selectively complexing radium, cesium, and strontium
from a variety of aqueous media (basic or acidic).

Efforts to devise new complexants for radium (cesium and strontium) are complicated by the
low charge density of the Ra*? ion. To date, development work on RA*? complexation has
focused on inorganic sorbents, i.e., manganese oxides, and on macrocylic polyethers, i.e.,
dicyclohexano-21-crown-7. None of these systems has proved satisfactory for the
development of Ra**-specific extractants, resins, or polymeric sequestering agents.

Recent advances in computer-assisted molecular design and macrocyclic polyethers
chemistry, however, have increased the likelihood that Ra specific ligands can be developed.
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Project Description:

This subtask calls for use of the CAChe (Computer-Assisted Chemistry) modeling system to
design macrocyclic polyethers in which the host molecule (.e., the crown ether) is highly
preorganized for binding or complexation to a Ra*?, or similar ions (i.e., Cs*, Sr*?). The more
highly the macrocycle is preorganized for binding, the more stable the complex. Using
modeling programs should allow us to vary steric and electronic modifications on the ligand
and determine their effect on the stability of the complex without having an initial major
effort in organic synthesis.

After the design stage, the most promising coplexants will be synthesized and evaluated.
Radiochemical techniques will be used to measure the stability of the complexes and biphasic
partitioning techniques will be employed to evaluate the selectivity of the reagent for radium,
alkali, alkaline earth, iron (Il and III), and aluminum.

Task/Milestone/Funding Summary:

a) computer modeling phase using CAChe on three model unsubstitiuted crown ethers
(FY93) ($60K).

b) computer iteration of varying ring-size, substituent effects, donor atoms, etc. (FY93)
($65K)

c) synthesis and characterization of best candidates from modeling studies (FY94) ($65K)
d) Ra complexation studies/biphasic partitioning (FY95) ($125K)

e) annual reports (deliverables) (one each in FY93, 94, 95)

Subtask 3: Determination of the Role of Organic Solvent in Selective Alkali and Alkaline
Earth Extraction

This subtask will determine the role of the organic solvent in selective alkali and alkaline
earth using cesium and strontium as example metal ions.

Efforts to improve available methods for extracting several of the alkali and alkaline earth
elements are complicated by their low charge density and the resultant unfavorable
thermodynamics for transfer of their complexes from aqueous environments into typical
organic solvents. Comparatively little attention has been devoted to examinating the role of
the organic solvent in governing the effectiveness of a particular extractant for the elements.
It was recently determined that certain aliphatic, oxygenated solvents are capable of
accommodation hydrated anions. This capability has been utilized to enhance strontium
extraction from nitric acid-containing media by certain crown ethers. A potentially fruitful
approach to enhancing the extraction of strontium and cesium from basic media is to
combine an appropriate crown ether with a solvent that is capable of dissolving substantial
quantity of water. An improved understanding of the basic chemistry of such solvent
systems is required to more fully exploit this effect, in particular to extend it to ions other
than strontium and to strongly alkaline media.

Project Description:

This subtask will focus on the organic solvent aspect of extraction systems employing
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macrocyclic polyether ligands developed in subtask 2 or similar models. The relationship
between the water content of a solvent and the efficiency of metal-ion extraction and various
solvents and extraction characteristics, and of mixed solvent systems will all be examined.

Task/Milestone/Funding Summary:

a) correlation of metal-ion extraction with solvent water content for single-solvent systems
(FY93) ($50K)

b) determination of solvent molecular weight, branching, functional group, etc. effects (FY93)
($70K)

¢) determination of aqueous phase parameters such as temperature, basicity, ionic strength,
etc. (FY94) ($70K)

d) optimization of extractant structure in high-water-content solvents (FY94)

e) studies of mixed solvent extraction (FY95) ($67K)

f) determination of factors governing the solubility of polar molecules in nonpolar solvents
(FY95) ($125K)

g) annual reports (deliverables) (one each in FY93, 94, 95)

Expected Payoff:

The fundamental knowledge obtained from these studies should advance the state of metal-
ion separations to allow for application to a variety of real-world environmental problems,
for example, removal of lead and mercury from soils, tank waste treatment at Hanford,
decontamination and decommissioning of DOE facilities, controlling the NORMs (naturally
occurring radioactive materials) at geothermal and oil drilling sites, and general site
characterization.

Funding: ($K)

FY93 FY9%4
450 500

Technical Point of Contact:

B. F. Smith

Chemistry and Laser Sciences (CLS-1), MS G740
Los Alamos National Laboratory

Los Alamos, NM

TEL: (505) 667-2391

FAX: (505) 665-4737
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SERDP Thrust Area: Compliance
Title:  Dispersion in the Convective Boundary Layer
Problem Statement:

The objective of this program is to provide fundamental understanding of diffusion phenom-
ena in the convective boundary layer, such as plume penetration of elevated inversions, top-
down versus bottom-up diffusion, nonhomogeneous and nonstationary surface heating, and

concentration fluctuations.

Much of our current knowledge of dispersion in the convective boundary layer (CBL) is due
to the laboratory convection-tank simulations by Willis and Deardorff. Their simulations
have enhanced our understanding of 1) the mean concentration fields resulting from releases
of passive material from various heights within and above the CBL, 2) the mean fields
resulting from releases of buoyant effluents, and 3) the fluctuating concentration fields for
either passive or buoyant releases from a single release height. These studies have also
provided stimulus, guidance, and data for the development of improved dispersion models.
New models for the mean concentration fields based on these laboratory simulations show
much better agreement with field observations than do the older Gaussian-plume models,
and this is especially true for buoyant releases from tall stacks.

While much progress has been made from these simulations, there are a number of
extensions that would enhance our understanding and improve our predictive capability.
This is especially true for concentration fluctuations. Such concentration fluctuations are
probably greatest during convective conditions, and knowledge of them is important in
evaluating the performance of the mean concentration models, in estimating the exceedance
of air-quality standards, and in predicting the toxicity or flammability limits of hazardous
substances.

An initial effort on top-down versus bottom-up diffusion is currently being funded with
SERDP Phase 1 monies.

Project Description:

This study would examine the dispersive properties of the convective atmospheric boundary
layer through laboratory simulations in the EPA convection tank, and would include effects
of plume penetration of elevated inversions, top-down versus bottom-up diffusion, and non-
homogeneous and nonstationary surface heating and, particularly, concentration fluctuations.
Parameters to be varied would include surface temperatures and heating rates, ambient
stratification, inversion heights, release locations, and types of nonuniformities in surface
heating. Quantitative measurements would be made of the developing flow and concentra-
tion fields to be used in the development and evaluation of convective diffusion models.

NCAR and DoD have funded extensive field studies and large-eddy-simulation modeling

efforts to collect data on the convective boundary layer. Both organizations are very much
interested in the continuation of the laboratory convection-tank simulations.
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Expected Payoff:

Improved environmental management and compliance with air-quality standards --
Development and evaluation of models to predict exposures to pollutants released during
daytime convective conditions in the atmospheric boundary layer.

Milestones:
Data Report on Top-down vs. Bottom-up Diffusion FY93
Journal Article on Top-down vs. Bottom-up Diffusion FY94
Data Report on Plume Penetration of Elevated Inversions FY9%4
Journal Article on Plume Penetration of Elevated Inversions FY95
Data Report on Non-homogeneous Surface Heating FY95
. Journal Article on Non-homogeneous Surface Heating FY9%
Data Report on Statistics of Concentration Fluctuations FY9%6
Journal Article on Statistics of Concentration Fluctuations FY97
Final Report FY97

Funding: ($K)

FY93 FY9%4
200 200

Technical Point of Contact:

William H. Snyder

MD-81

Environmental Protection Agency
Research Triangle Park, NC 27711
TEL: (919) 541-1198

FAX: (919) 541-0280
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SERDP Thrust Area: Compliance

Title: Fundamental Studies of Thermal, Plasma, and Photochemical Processing for Waste
Disposal Applications

Problem Statement:

The objective is to develop fundamental knowledge of high temperature thermal, plasma,
and photochemical processes as applied to Army waste destruction. Particular focus will be
on studying the effect of photochemical action on incineration-type flames especially as
applied to the destruction of hazardous compounds containing halogens, phosphorus, and
sulphur, and on non-thermal and thermal plasma research as applied to solid, liquid, and gas
pollutant processing. It is expected that flame photochemical action and novel plasma
approaches, when coupled with high temperature incineration, will result in superior
performance with respect to the completeness of hazardous material destruction and
minimization of pollutant gas generation.

The Army generates vast quantities of waste each year. A certain amount of that waste, such
as that generated during P&E production, is unique to the Army/DoD and represents a
major challenge with respect to proper disposal in an environmentally acceptable way.
Incineration is a current method of waste disposal which is only partially successful in
hazardous waste disposal. Problems still exist with respect to complete destruction of the
hazardous compounds, creation of new hazardous compounds and pollutants in high
temperature flames (such as dioxins), as well as the production of residuals (ash) that need to
be disposed of further. The photochemical incineration and plasma technologies show
considerable promise for improved destruction of hazardous wastes with minimal production
of pollutant gases.

Project Description:

This project will utilize the combustion and plasma diagnostics capabilities located at the
ARL. Incinerator simulation flames will be studied using molecular beam/mass
spectrometric (MB/MS) sampling as well as laser diagnostics and the effect of photochemical
action on hazardous compounds will be determined. Flame photochemical action on
hazardous compounds which contain halogens (such as PCP), phosphorus (chemical agents),
and sulphur is expected to lead to improved destruction efficiency and cleaner exhaust gases.
Similarly, plasma technologies will be studied with respect to their potential for improved
destruction of waste compounds. Thermal plasmas offer superior destruction potential over
incineration due to their much higher energy environment which leads to a higher degree of
destruction of the original hazardous compound. However, thermal plasmas generate
gaseous waste streams heavily ladened with the oxides of nitrogen. Non-thermal plasmas,
on the other hand, have recently been shown to be very effective in de-NO, and de-50,
applications. However, the specific physical and chemical processes that result in the
reduction of the pollution gas stream are not well understood. Thus, there is a considerable
amount of fundamental research to be done concerning the specific plasma approaches, such
as plasma arc, pulsed coronas, glow discharge, microwave, etc. In our proposed research,
plasma waste processing simulators will be developed and studied and the optimal plasma
approach will be identified.
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Expected Payoff:

Significant improvements in our understanding of high temperature thermal, photochemical,
and plasma processes as applied to waste destruction has a wide range of potential benefits
to many Army operations. These include the destruction of volatile organic compounds
(VOCs) from various Army installation and depot operations, improved destruction of .
chemical agent stockpiles, as well as the destruction of large stockpiles of pentachlorophenol
(PCP) treated ammunition boxes by incineration. The problem in the latter case is the
concern over dioxin formation during regular/unassisted incineration.

Milestones:

There has been relatively little work done on the fundamental understanding of the detailed
chemical processes involved in incineration flames. There has been virtually no work done
in the use of photochemistry as a destruction augmentation means in high temperature
incineration. However, recent advances in high intensity excimer lamp technology makes the
practical use of uv radiation in incineration applications a realistic possibility. As far as
thermal and non-thermal plasmas are concerned, there has been very little fundamental work
done with respect to the interaction of the plasmas with typical pollutant gases.

-Initiate incinerator simulation flame structure studies FY93
to establish base performance.

-Develop kinetic and thermochemical data base for

hazardous compounds.

-Construct plasma waste processing laboratory simulators.

-Study the effect of photochemistry on hazardous compound  FY94
(e.g. PCP) destruction.

-Develop detailed chemistry flame mechanisms relevant to

hazardous compound incineration.

-Model photochemically altered flames.

-Initiate plasma studies.

-Identify and develop specific photochemically-assisted FY9%
incinerator approach.

-Identify and develop specific plasma waste disposal

approach.

-Develop small-scale photochemical flame incinerator. FY9%6
-Develop small-scale plasma waste processor.

-Demonstrate improved performance on laboratory-scale FY97

high temperature photochemical incinerator.
-Demonstrate pollutant stream clean-up using laboratory-
scale plasma waste processor.
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Funding: ($K)

FY93 FY94
In-House - 300 325
Contract 50 75
Total 350 400

Performers:

This project will be done jointly with Dr. Wing Tsang, National Institute of Standards and
Technology (NIST). This project will also be strongly coordinated with CERL, which has an
active program on plasma arc destruction of Army wastes.

In addition to the coordinated work with OGAs, there is considerable opportunity for
involvement with certain companies in the pollution control industry under a Cooperative
Research and Development Agreement (CRDA). Specific companies that would be targeted
are ones involved in thermal and non-thermal plasma pollution control technologies.

Technical Point of Contact:

Dr. Andrzej W. Miziolek

Army Research Laboratory
AMSRL-WT-PC

Aberdeen Proving Ground, MD 21005-5066
TEL: (410) 278-6157

FAX: (410) 278-6150
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SERDP Thrust Area: Compliance

Title: Energy Conservation and Air Toxic Compliance Plan for DoD Industrial Facilities

Problem Statement:

Defense Energy Program Policy Memorandum (DEPPM) 91-2 and Executive Order 11752

assign energy efficiency goals for Federal facilities for Fiscal Year (FY) 2000 as compared to

an FY 1985 base year. In particular, each DoD component is directed to prescribe policies

and establish appropriate measures of energy efficiency under which the aggregate of its

industrial energy-consuming facilities will increase energy efficiency by at least 20 percent in
FY 2000 in comparison to FY 1985. ‘

Title III of the Clean Air Act Amendments of 1990 directs the USEPA to establish criteria
controlling the emissions of 189 air toxic chemicals. The majority of these air toxic emissions
come from industrial activities. Regulations governing the control of emissions of these
chemicals from industrial activities are being developed by USEPA beginning in 1992 for 41
source categories, and continuing through 2000 for the remaining 250 source categories.

The vast majority of DoD industrial activities utilize technologies that are over 40 years old.
These new energy and environmental directives in most instances exceed the performance
capabilities of DoD’s installed industrial technologies. Future DoD industrial facilities will
employ state-of-the-art production technologies being developed jointly by the Army’s
ManTech program and DOE’s Sandia National Laboratory. The problems occur in the
existing DoD industrial base where cost effective compliance with these directives will
require a thorough evaluation of DoD industrial activities and their potential for
improvements.

Project Description:

The objective of this new research project is to develop a strategy by which the DEPPM
industrial energy efficiency goals and Clean Air Act air toxic emissions reduction goals are
met in a cost effective manner. This project will identify technologies for the existing DoD
industrial base that both reduce energy consumption and reduce air toxic emissions by
improving the performance and operation of industrial processes. This project will build
upon the following ongoing research programs:

1. Modernization of energy production facilities by the Army, Air Force and EPRI,

2. Air pollutant emission source inventory surveys by the Army and Navy,

3. Industrial energy auditing surveys being conducted by the Army,

4. Air toxic emissions source survey developed by Navy and Air Force for the Navy facilities
in San Diego, CA, and

5. Industrial air toxic emissions research being conducted by the USEPA’s Air and Energy
Engineering Research Laboratory.

The project will attempt to extend the mass and energy flow modelling concepts being used

in these research projects to industrial activities and their potential air toxic emissions. This
research effort will develop a coordinated compliance strategy for DoD industrial facilities by
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accomplishing the following tasks:

TASK I -- Develop, in coordination with DoD energy management proponents and DoD

industrial facilities representatives, a workable definition of industrial energy consuming

activities. For each DoD industrial activity, determine quantifiable output parameters for
both active and inactive processes.

TASK II -- Define, in coordination with USEPA, DoD industrial activities likely to fall under
air toxic emissions regulations, and identify potentially regulated air toxic chemicals.
Determine the proposed schedule for USEPA regulations, and identify probable emissions
control requirements.

TASK III -- Determine the types and relative amounts of DoD industrial energy end use (e.g.,
machining, heat treatment, chemical processing, etc.). Review current private sector
industrial energy management procedures and air toxic compliance strategies to determine
the potential for energy efficiency improvement and air toxic emission reduction in each of
the various end use categories. Based on the proposed regulatory schedule, develop energy
and material flow models for DoD industrial activities. Use these models to identify
opportunities for making improvements to operating and maintenance procedures, and
applying new technologies which both reduce energy consumption and reduce air toxic
emissions.

TASK IV -- For those industrial processes that must be completely re-engineered to remove
air toxic emissions, evaluate the new production technologies being developed by the Army
ManTech program and DOE to define their air toxic emission potentials. Examine the
missions and current production levels for each DoD industrial facility to determine the
feasibility of consolidation of facilities to allow some facilities to be closed or placed in stand-
by status. Examine the feasibility of mission realignment among active facilities to decrease
the number of active industrial facilities that must be re-engineered.

TASK V -- Develop a prioritized implementation plan to bring DoD industrial activities into
compliance with energy efficiency and air toxic emission reduction goals in a cost effective
manner.

Expected Payoff:

The Army was having difficulty in attaining the required 1985 energy reduction goals for
industrial facilities of 8 percent by 1995. Currently less than 1/3 of the Army’s industrial
facilities are on target to meet their energy reduction goals. Now that the goal has been
increased to 20 percent by 2000, Army industrial facilities will have to adopt a more
accelerated energy reduction program. Beginning in 1995, the Clean Air Act Amendments
will require DoD industrial facilities to significantly reduce their overall emissions of air toxic
chemicals. This research will produce a prioritized implementation plan that will effect over
75 industrial facilities in DoD.

63




Milestones:

Identify significant industrial energy uses FY93
Identify significant air toxic sources FY%
Develop industrial process models FY95
Define conservation/control opportunities FY9%6
Evaluate new industrial process air toxics FY9%6
Develop coordinated implementation plan FY97

Transition Plan:

Because the users of this research project will be a critical part of the research team, the
transition of this project’s proposed implementation plan into action is expected to be
smooth. The results of this study will form the basis for modernization plans for industrial
facilities, as well as, remediation plans for cleaning up air toxic emission sources.

Funding: ($K)

FY93 FY9%4
OCE 0 95
AMC 200
SERDP 550 550

Performers:

The primary performing agency will be the US Army Construction Engineering Research
Laboratories with extensive support from the US Army Toxic and Hazardous Materials
Agency and the Production Base Modernization Program of the US Army Munitions
Command. Additionally, the extensive experience of USEPA’s Office of Air Quality Planning
& Standards, USEPA’s Air and Energy Engineering Research Laboratory, and DOE’s Sandia
National Laboratory will be used. Other laboratories and private research organizations (e.g.,
EPRI, GRI) will be employed for specific energy saving technologies, air toxic emission
control techniques, air toxic emissions monitoring, energy monitoring, and toxic materials
modelling. USEPA, DOE, DoD contractors who have demonstrated expertise in
environmental and energy auditing, applying energy-conserving and air toxic controls
technologies, and developing coordinated management strategies for industrial facilities will
also be employed as part of this study.

Technical Point of Contact:

Mr. Martin Savoie and Dr. Mike Binder

US Army Construction Engineering Research Laboratories
P.O. Box 9005

Champaign, IL 61826-9005

TEL: (217) 398-5553

FAX: (217) 373-3430

64




SERDP Thrust Area: Compliance
Title: Supercritical Water Oxidation Technology Demonstration

Problem Statement:

The goal of this project is to accelerate the technology transfer of supercritical water oxidation
through a joint DoD/DOE field demonstration.

Supercritical water oxidation (SCWO) technology can be used by Navy, Army, and Air Force
installations and the DOE complex.

The DoD and the DOE generate large volumes of liquid hazardous wastes as a result of
industrial activities such as aircraft and ship rework, vehicle and artillery repair, and
weapons production. These wastes include organic compounds such as chlorinated solvents;
cutting, hydraulic, and lubricating oils, painting and stripping wastes; organic acids; and
radioactive mixed waste. At the present time, these waste are usually disposed by burial in a
hazardous waste landfill. The economic and social costs of this disposal method have risen
rapidly in recent years. For example, the Navy now spends about $40M per year to dispose
of hazardous organic wastes and still retains legal liability for these materials. A preferred
method of disposal is to destroy these wastes and convert them into environmentally benign
compounds such as water and carbon dioxide. High temperature incineration is one method
of accomplishing this conversion. However, hazardous waste incinerators have become
virtually impossible to site and permit.

A possible alternative to high temperature incineration is low temperature oxidation using a
process called supercritical water oxidation (SCWO). SCWO technology brings together
organic waste, water, and oxygen at a temperature and pressure above the critical point of
water (374°C, 22.1 MPa). Above this point, water becomes a single phase fluid with a density
near that of a liquid and the transport properties of a gas. Above the critical point, water
serves as an effective solvent for organic compounds. Gasses, including oxygen, are also
completely miscible. In the SCWO process, organics are quickly oxidized to carbon dioxide
and water with destruction efficiencies of over 99.99%.

The DOE Office of Technology Development (EM-50) has also identified this technology as a
promising process for destruction of its organic and mixed HW. DOE has established a
national program with a short term goal of demonstrating the destruction of organic HW and
a long term goal for the treatment of mixed waste based on data derived from the work in
this proposal. To achieve this objective, EM-50 has designated the Idaho National
Engineering Laboratory as the coordinator for all SCWO related activities being conducted by
DOE, other Federal agencies, industry and academia to bring a sharp focus to the overall
development and implementation of SCWO for DOE hazardous and mixed waste.

This is a proposed new SERDP program.
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Project Description:

The primary objective of this proposed joint effort is to demonstrate SCWO technology, at the
pilot plant scale, as a method of destroying selected, non-radioactive, organic hazardous
wastes generated by DoD and DOE industrial shop operations.

The proposed joint project will consist of three phases: (1) Demonstration using existing pilot
plant, Data Acquisition, and Implementation process development (2) Advanced Pilot Plant
Design and Demonstration, and (3) Transition Plans.

Phase 1: (1) In this initial phase of the project an existing SCWO pilot plant will be acquired,
leased or rented, to quickly begin a demonstration of the technology at a DoD site currently
generating hazardous wastes of interest, such as cutting and lubricating oils. This approach
will enable determination of the process necessary for siting and operating a SCWO pilot
plant at a DoD installation for treatment of actual RCRA wastes. This process includes, but
is not limited to, establishing the permitting requirements; addressing regulator, customer,
and public concerns; determining personnel requirements and training; facility requirements;
and safety procedures. These issues, although not strictly technical, are critical to the
successful implementation of this technology at any point in its development. Obtaining
these data and experience now, simultaneously with the on-going efforts by other research
groups to solve the technological problems, will significantly accelerate the fielding of the
next generation of full scale SCWO plants.

(2) Data acquisition will be the second major component during this initial demonstration.
Data will be collected on the plants performance, with selected DoD waste streams (vice the
waste surrogates used to-date); on reliability and operability, and on plant design problems.
This information will provide input for establishing the criteria for the next generation of
pilot plant design and demonstration in Phase 2. It is also anticipated that new information
will be available by the end of 1994 from other research projects currently underway, which
will provide significant technical data and engineering solutions to current problems with the
technology. This information will be combined with the data from this demonstration for
incorporation in the designs of the next generation plants.

Phase 2 of this proposal will be the design and demonstration of the next generation system.
Transition plans will be prepared in Phase 3.

Tasks: The tasks required to accomplish the proposed project are outlined below:

I. Phase 1: Demonstration using existing pilot plant, Data Acquisition, and Implementation
process development. Modify all DOE SCWO project management and execution plans.

Conduct the Pilot Plant site selection.

a. Identify a DoD site with suitable waste stream
b. Determine facility and public concerns

c. Determine personnel and training requirements
d. Determine facility infrastructure requirements
e. Generate QA/QC & Safety plans
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Acquire a 500 GPD pilot plant (lease or rent existing system);

Data Acquisition.

a. Performance data, i.e., destruction efficiencies, corrosion effects, data for reliability
analyses, etc.

b. Determine HW materials handing requirements

c. Operability data, i.e., maintenance schedules, personnel support, down time, max.
operation time, etc.

Waste Characterization
- Initial focus will be on waste oils and pretreatment requirements

Preliminary Process Design
- Develop preliminary design for next generation plant. Incorporate knowledge from other
research as it becomes available. Design to be modular to simplify future modifications.

II. Phase 2: Advanced Pilot Plant Design and Demonstration

Permitting/NEPA
- Process based on lessons learned in Phase I

Detailed Pilot Plant Design
- Incorporate new information expected from other research efforts, especially ARPA projects

Pilot Plant Fabrication
- Contracted to private industry

Site Selection, Preparation, and Plant Installation
- Same requirements and procedures followed as in Phase I

Develop Test Plan
- Use lessons learned from Phase I; Testing, Operation, and Reporting

III. Phase 3: Transition Design Plans and Implementation Process Plan

This project is directly responsive to DoD and DOE environmental objectives, such as the
Army and Navy hazardous waste minimization programs (as expressed in OPNAVINST
5090.1 and similar documents) and DOE’s Mixed Waste Integrated Demonstration program.

Advanced development work (6.3B) on SCWO was proposed by the Navy for the DoD
Environmental Quality Strategic Plan under the COMPLIANCE pillar; Sub-area: Satisfy
RCRA Provisions, Treatment, Advanced incineration capability for hazardous waste (2.1I1.1b).
The proposed work also supports the COMPLIANCE pillar of the recently signed Army
Environmental Strategy.

This project will provide baseline support for the non-radioactive component in DOE’s
program to develop viable technologies for treating mixed radioactive waste. The DOE EM-
50 has established a national program to ultimately develop SCWO as a viable treatment
technology for mixed waste.
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The proposed project does not duplicate any current SCWO programs. The Advanced
Research Projects Agency initiated work in March, 1992, to design, build, test and evaluate a
1500 gal/day SCWO pilot plant to destroy chemical warfare agents. The Air Force initiated
work in August, 1992, to develop a 1200 gal/day SCWO pilot plant to destroy the
propellants from the third stage motors of Minuteman ICBMs. This joint DoD/DOE project
will not utilize chemical warfare agents, explosives, propellants, pyrotechnic devices, or
radioactive materials as test materials.

The DoD has been supporting the Navy’s Exploratory Development (6.2 Program) efforts on
SCWO through the Office of Naval Technology. This work appears in the Project Reliance
documentation. The Exploratory Development phase, which has included the design and
fabrication of a 40 gpd bench scale unit, is scheduled to be completed in FY 93. A proposal
for an Advanced Technology Demonstration (6.3A Program) has been submitted by the
Navy.

DOE has supported the development of SCWO technology in the past through the Office of
Industrial Technology Combustion Program. Involvement from the private sector has been a
significant part of this program whose participants include MODEC and MODAR. The
efforts have included the development of bench scale units with the emphasis on energy
recovery. Through this effort, MODAR has completed the fabrication of a pilot scale unit
and has initiated testing on it. Los Alamos National Laboratory has conducted significant
research into SCWO chemical kinetics, process design and testing of simulated wastes.
Sandia National Laboratory has worked extensively modeling of SCWO kinetics,
thermodynamics, and transport.

Laboratory work at universities on specific SCWO topics is expected to expand; work on
SCWO hardware development at the three commercial developers of this technology in the
United States is expected to continue.

SCWO is a new, high risk technology. Several engineering development issues could limit
the development and application. These issues include the corrosive nature of chlorine,
sulfur, and other elements released by oxidation of the organic portion of the waste in
supercritical water. Large amounts of oxygen must also be added to the process stream,
further increasing the problems associated with material integrity. The possibility of a
detonation within the system always exists when oxygen is added to organic material.
Plugging of pipes, reactor vessels, and other components due to the deposition of metal salts
and oxides on interior surfaces is also a problem. Waste handling, preparation and blending;
process control; and effluent monitoring and treatment may present other technical risks.
Economic competitiveness is another issue. The economic performance of an SCWO system
will depend on actual capital and operating costs, reliability, the quantity and composition of
future waste streams, and other factors that have not been determined.

Expected Payoff:
It is estimated that a market exists within the DoD industrial community for approximately
27 large capacity SCWO waste processing plants. These plants are estimated to cost $8M to

$12M each to buy, and about $1.5 M/yr each to operate. The estimated waste disposal cost
using SCWO is $10 to $12 per gallon of waste. This can be compared to the $15 to $45 per
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gallon presently spent to dispose these wastes. Estimated payback period for a large scale
SCWO waste processing plant is 5 years. Estimated annual saving with Navy-wide
implementation is $35M per year. Estimate Army and Air Force saving in waste disposal
costs are comparable.

Milestones:

Project accomplishments during FY93: Assuming funds are released in October, 1993, the
expected accomplishments for FY94 are listed below.

The existing DOE SCWO demonstration project management plan will be modified.
An existing pilot scale SCWO system will be identified and the system leased or
rented.

A DoD site will be selected for this demonstration. Potential DoD sites that have been
identified include: the Naval Aviation Depot, Norfolk, VA; the Naval Public Works
Center, San Diego, CA; the Naval Surface Warfare Center, Indian Head, MD; the
Army Arsenal, Watervliet, NY; and the Army Arsenal, Picatinny, NJ.

The implementation process will be developed and executed.

Plant installed and brought on line.

Demonstration will be initiated. The extent of completion of the demonstration will depend
heavily on the pace of the implementation process. Since this is the first time this technology
will have been sited at the pilot plant scale, the implementation process time table contains
significant potential variations and unknowns. Initial design work for next generation plant
will be completed.

Transition Plan:

A memorandum of understanding (MOU) between DON and DOE for exchange of technical
assistance in environmental problems has been prepared and is being expected to be signed
prior to the initiation of work. Personnel at potential demonstration sites have been
contacted and are interested in this technology. All are willing to serve as the site of a field
test. The user and regulators will be invited to participate at all stages of SCWO pilot plant
development to ensure that their concerns regarding safety, cost, compliance, reliability, and
other issues are addressed.

Most of the components of a SCWO system are common items in the chemical process
industry. The expertise of the chemical process industry, commercial developers of SCWO.
and technical experts from industry, government, and academia will be used as required to
produce the pilot plant.

Funding: ($K)

FY93 FY9%4
SERDP 900 2,500
DOE 1,600 2,500
Total 2,500 5,000
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Performers:

Agency: Performer:
Navy Naval Civil Engineering Laboratory
DOE Environmental Restoration and Waste Management

Industry Involvement: The expertise of the chemical process industry will be drawn upon
for detailed design and construction of the SCWO pilot plant.

Planned Cooperative Development Agreements: Opportunities for Cooperative Research and
Development Agreements will be pursued when such agreements support the overall goals
of this project and do not restrict free and open development of SCWO technology. Specific
cooperative development agreements with industry and universities are expected to be
identified after initiation of this project.

Technical Points of Contact:

Mr. John Beller

Engineering Research and Applications Department
EG&G Idaho Inc

Idaho National Engineering Laboratory

P.O. Box 1625

Idaho Falls, Idaho, 83415

TEL: (208) 526-1205

Mr. Douglas Elstrodt

Chemicals Division

Indian Head Detachment Naval Surface Warfare Center
102 Strauss Ave

Indian Head, MD 20640-5000

TEL: (301) 743-4717

Mr. Richard Kirts, P.E.

Pollution Prevention Division
Naval Civil Engineering Laboratory
560 Laboratory Drive

Port Hueneme, CA 93043-4328

TEL: (805) 982-1334

FAX: (805) 982-1409

Programmatic Points of Contact:

Mr. Sandy Clavell

OASN (Installations & Environment)
2211 Jefferson Davis Hiway, CP-5 Rm 236
Arlington, VA 22244-5110

TEL: (703) 602-9451

FAX: (703) 602-7875

70




Mr. Jaffer Mohiuddin
Technology Development, Department of Energy
TEL: (301) 903-7965

Mr. Jim Marsh
ODUSD (Environmental Security)

Pentagon, Room 787
TEL: (703) 697-9107

* Note: The SERDP Scientific Advisory Board provided specific guidance to this project.
Their position statement on this effort may be found in a separate section within this
document; see "Table of Contents."
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SERDP Thrust Area: Compliance
Title: Kinetic Mechanisms for Supercritical Water Oxidation
Problem Statement:

Supercritical, water oxidation is an emerging technology under development by numerous
laboratories and industries for the treatment of hazardous aqueous wastes. The process is
performed at temperatures and pressures above the critical point of water (typical process
conditions: 500-600 °C and 240 bar), and is applicable to waste streams containing 0-20
percent organics in water. A wide variety of organics is efficiently destroyed (destruction
and removal efficiencies better than 99.99%) in residence times of less than a minute.

Previous studies have shown that global mechanisms are of limited use in the formulation of
a predictive model of SCWO rates. They appear to be constrained to simply describing
experimental results in a compact form and do not extrapolate well to pressure,
concentration, and temperature regimes that have not been directly measured. In industrial
applications, this technology will be faced with handling feeds of widely varying
concentration and equipment will be operated as varying temperatures. Operators wishing
to achieve high waste destruction efficiencies will need to be able to anticipate final
concentrations of chemically robust species such as methane and methanol. To obtain this
predictive capability, reaction models will need to be based on elementary reaction steps.

At typical operating conditions, supercritical water is about a tenth the density of liquid
water and exhibits physical characteristics of both liquids and gases. Most important is its
behavior as a solvent. Many organic materials are miscible in all proportions, as are the
combustion gases such as O,, CO,, and N,. As a result, oxidation reactions proceed in a
single phase without the delays associated with interphase transport. Operation at densities
two orders of magnitude greater than atmospheric gaseous combustion provides high
reaction rates at moderate temperatures. Yet density is low enough that mass diffusivity
remains favorably high and viscosity low compared to liquids.

Most experimental studies to date have performed bench-scale measurements of overall
destruction efficiencies for a variety of waste chemicals. An early patent for the process
included data showing 99.99% destruction of many normal and halogenated hydrocarbons
including tetrachloroethylene, DDT, and PCB. Since then, the number of organic and
inorganic chemicals, as well as complex mixtures, treated by SCWO has grown considerably.
Industrial sludges have been successfully treated by several researchers to yield reusable
water, clean gases, and inorganic solids. Experiments performed at Sandia demonstrated
effective destruction of the organic components of a simulated DOE mixed waste (radioactive
plus organic waste). In the general class of studies outlined above, output streams were
sampled, analyzed, and the results were compared with feed concentrations to calculate the
percent of feed material destroyed. Data like this can be used to generate global kinetics
mechanisms.

Although in situ measurements, particularly of unstable intermediate species, could provide

valuable information for understanding SCWO kinetics, no such published data is available.
Optical measurement techniques have been successfully demonstrated in supercritical water;
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for example Raman spectroscopy has been used to measure chemical interactions,
composition, and temperature in this environment. To date, however, no one has applied
such techniques to measure the progress of reactions in supercritical water. Data obtained in
situ eliminates uncertainties associated with sample and analyze techniques as well as
offering the unique potential to measure unstable species.

Project Description:

This project will establish experimental capabilities and make initial in sifu measurements on
fuel species and partial oxidation products in an optically accessible supercritical water
oxidation (SCWO) reactor. The work proposed here continues this experimental approach,
begins measurements on key oxidant species, and expands the variety of experimental
methods, primarily optical in nature, that can be used to study reactions at these conditions.
The second phase of the project will improve the existing detailed elementary reaction
mechanism for the oxidation of methane and methanol. Raman and absorption spectroscopic
techniques will be utilized to generate concentration vs. reaction time profiles for the
oxidation of methane and methanol by oxygen and hydrogen peroxide. The thermal
decomposition rate of hydrogen peroxide will be independently measured at typical
oxidation reaction conditions. These experiments all focus on measuring the primary
oxidation steps that involve the hydroxyl and HO, radical, generating data which will be
used to evaluate and refine SCWO reaction kinetic schemes.

The proposed study of reaction kinetics in supercritical water undertakes in situ
measurements of reactants, intermediates, and products in order to provide unambiguous
experimental results for evaluating reaction kinetic mechanisms. Research in the combustion
field has highlighted a wide variety of optical spectroscopic techniques that can be applied to
reacting flows to identify and quantify molecular species present. This project will focus on
using in situ optical techniques to measure the primary oxidation steps that involve the
hydroxyl radical. The resulting data will be used to evaluate and refine SCWO reaction
kinetic schemes.

This proposed project will investigate the currently uncertain chemical kinetics of
supercritical watér oxidation. Numerous experiments have demonstrated that SCWO
efficiently converts many wastes to small, harmless molecules, but little data is available to
elucidate the elementary kinetics of the process. Simplified reaction mechanisms have been
proposed but they fail to satisfactorily predict the experimental data. We propose a program
of experiments and modeling designed to improve our understanding of and ability to
predict SCWO chemistry.

The experimental portion of the research entails determining the concentration of reactants,
stable intermediates, radicals, and products associated with the oxidation of simple fuels in
supercritical water. Concentration profiles of abundant species will be measured in situ in a
supercritical flow reactor using spontaneous Raman spectroscopy. The measurement of trace
species will require application of more sensitive optical methods that will be adapted and
applied as a part of this project.

The modeling portion of the project will improve existing elementary reaction mechanisms
by incorporating data measured in the experimental portion. Initial investigations of the

73




inadequacies of mechanisms previously proposed for supercritical environments will guide
the design of experiments. Subsequently, the results of the experiments will be used to
improve the predictive performance of the models and theoretical corrections to reaction
kinetics for high-density effects will be applied.

Ten months after starting the initial funding of the project a picture of the concentration-time
profiles will be generated for methane, carbon monoxide, carbon dioxide, and oxygen at one
reaction temperature near 530 °C and at pressures of 240 bar, 300 bar, and 400 bar. These
results will be obtained by monitoring individual species using spontaneous Raman
spectroscopy in the flow reactor. Concurrently, a modeling team will be tailoring the
detailed kinetics mechanism for application at SCW densities.

The effect of our experiment’s threefold change in density on reaction kinetics will then be
evaluated. A high-pressure, remote-actuated sample valve will be installed in the flow
reactor during this segment of work. It will be used to collect samples for gas
chromatographic or mass spectrometric analysis. The results from rapid sample-and-quench
studies will be compared to the optically obtained data.

After the study of stable molecules at a single temperature is completed, the focus will shift
to measuring H,O, and OH first in the cell reactor and then in the flow reactor. The study
on stable reactants to higher pressure (up to 500 bar), and to 625°C will simultaneously be
expanded. A sensitivity analysis of the kinetics mechanism will indicate which elementary
reactions most affect the model’s predictions. As experimentally measured profiles for
different reactant concentrations and reactant conditions become available, the modeling team
will be able to further refine the set of reactions that make up their kinetics mechanism.

Expected Payoff:

Supercritical water oxidation is a rapidly developing waste treatment technology that has
potential application to a wide variety of military and industrial materials. Past experience
from applied testing of industrial chemical waste has shown that complete oxidation of
complex organic material is limited by the oxidation rates of small molecules such as
methanol, methane, hydrogen, and ammonia. The ultimate effectiveness of this technology
will rely on the production of a final effluent for disposal that is sufficiently clean to require
no further treatment prior to disposal. As a result the success of this technology hinged on
optimizing the oxidation of simple molecules, not complicated ones. Results from this study
can be applied directly to optimizing overall engineering design parameters such as oxidant
concentration, optimum temperature, and required residence times.

Milestones:

The following outline illustrates items to be accomplished in FY93:

1. Improve existing detailed reaction mechanism to incorporate high density parameters,
building on and attempting to reproduce results on methane from FY 1993 experimental
studies.

2. Extend pressure dependence measurements on methane oxidation.
3. Develop absorption techniques for detection of intermediates in cell reactor.
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4. Measure hydrogen peroxide decomposition rates at supercritical temperature and
pressure.
5. Install and operate remote sample valves and compare results to optical measurements.

Transition Plan:

Three groups that have made considerable progress in supercritical research, in both
experimental and modeling areas, are Professor J. Tester’s group at MIT, Professors M. Klein,
T. Brill and associates at the University of Delaware, and Professor K. Johnston and
associates at the University of Texas. Tester’s work has emphasized reaction kinetics and
modeling of simple systems and has met with success in modeling H, and CO oxidation.
The Delaware group has focused on optical methods in supercritical water and published
and first Raman spectra in this medium. Johnston’s work has emphasized a molecular level
approach to solvent effects in the supercritical fluids.

As experimental results are obtained, details of species concentrations will be compared with
these existing models. The sensitivity of the concentration of individual species to activation
energies and preexponential factors, and to reaction conditions will be determined and the
kinetics model will be refined. Of special interest is the typically observed zeroth order
dependence of reaction rate on oxygen concentration.

Funding: ($K)

FY93
490

Performers:

Steven K. Rice

Sandia National Laboratories, Dept. 8364
P.O. Box 969

Livermore, CA 94550

TEL: (510) 294-1353

FAX: (510) 294-1004
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SERDP Thrust Areas: Compliance

Title: Advanced Testing of Emissions Produced During Open-Air Destruction of Energetic
Materials

Problem Statement;

The goal of this project is to characterize emissions produced by open-air detonation of
energetic materials and to recommend means for improving the efficiency of this type of
detonation. As deficiency increases, the quantity of undesirable emissions are expected to
decline. Although the energetic materials in this program will consist primarily of
propellant, explosive (including munitions), and pyrotechnic (PEP) materials, other items can
be accommodated.

The substantial amounts of PEP materials accruing within the DoD have become an
increasing burden on the military logistics system. Storage facilities are now saturated, huge
amounts of these materials are scheduled for retrograding to CONUS from overseas
locations, and environmental regulators are demanding item-specific data before allowing
their destruction in a manner which releases combustion products into the atmosphere.
These data are not available. Until new permits are granted, or existing permits extended, a
dangerous situation will be aggravated.

This project, which proposes to develop the means for grouping PEP items in the
demilitarization stockpile into emission families, is a new project.

Project Description:

This project is intended to provide the means of characterizing emissions from all PEP items
in the DoD demilitarization inventory, group these items into emission families to allow
disposal efficiencies, and provide data acceptable to the U.S. Environmental Protection
Agency and state regulators for permitting purposes. Chemical and smoke munitions are
specifically excluded from his research effort.

The technical approach consists of identifying PEP items which should be characterized by
emissions, developing the means to test these items, conduct tests, assaying samples collected
during testing, relating the results to environmental standards, classifying PEP items by
emission families, and developing an open-air destruction dispersion model with subsequent
laboratory validation of the model.

. This project directly supports the DoD objective of avoiding environmental injury during
conduct of military-related operations. Results will identify which items in the
demilitarization inventory may be subjected to open-air destruction without damage to the
environment and which items require an alternate-technology disposal system. Dugway
Proving Ground knows of no similar work which is on-going.

Technical investigators will begin a comprehensive review of PEP material contained in the

DoD demilitarization inventory and identified in the Joint Ordnance Commanders Group
Demilitarization/Disposal Handbook, Volume 1, Demilitarization/ Disposal Inventory
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(commonly referred to as the "Orange Book"). They will select items for testing which are
likely to be good environmental candidates for open-air destruction, appear to have the
potential of being grouped into emission families, and for which destruction will produce a
high dividend.

The project officer will review the list of nominated munitions and determine what
modifications must be made to existing testing facilities, instruments, and procedures.

~ Factors to be considered include: type of explosive, amount of explosive, ancillary munition
components, normal disposal techniques, anticipated emissions, and safety requirements.
The supporting technical team will prepare a list of target analyses for each item. Appendix
9 compounds will be represented as appropriate, and other compounds of concern will be
included if their generation appears likely.

Detailed procedures will be developed which specify means of preparing items for testing,
detonating or burning the item, collecting samples of gases, and airborne particulates.
Principal analytical methods will include real-time gas analyses using EPA-approved gas
monitors, supercritical fluid chromatography/mass spectrometry, gas chromatography/mass
spectrometry, inductively coupled plasma mass spectrometry, and pyrolysis. Emerging
technologies such as atmospheric pressure ionization time-of-flight mass spectrometry will be
used to augment the more traditional instruments.

Statistical analysis will normalize all test results and determine emission factors of each
munition. Emission factors will be presented in a manner suitable for subsequent calculation
of total emissions of specific compounds that will be produced during large-scale open-air
destruction operations of each tested item. These emission factors will also be suitable for
use in the open-air destruction downwind dispersion model.

The program manager will review conceptual designs of a ventilated underground chamber
which will contain large explosions and permit sampling of emissions produced by large
munitions undergoing open-air demolition. When the ventilation system is disengaged and
munitions are covered with dirt, it will allow sampling of emission produced during
underground (buried) detonations, a procedure used by many DoD disposal activities.

Expected Payoff:

Initial users are expected to be all elements of the DoD, including the reserve component,
state national guards, and the EPA. As the EPA expands its requirement for emissions data,
ammunition and propellant manufacturers will ask to be included in the testing program.

Open-air treatment of PEP materials is the fastest, least expensive, safest, and only on-line
means of disposing of most uniwanted items. Data produced as the result of this project
should provide the means of obtaining environmental permits for open-air destruction of a
large percentage (possibly 75 percent) of the demilitarization inventory.

Funds will not need to be allocated for developing special facilities or item-peculiar
equipment for items identified as being suitable for open-air destruction. Conversely, funds
can be efficieritly directed to development of alternate destruction methods for items found
not suitable of open-air destruction.
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Milestones:

Projected accomplishment by 30 September 1993 are:

Instrumentation and data-acquisition system procurement ($361,000)

Identification of Orange Book candidates for testing ($27,000)

Testing 10 selected items ($180,000)

Laboratory assay of samples ($153,600)

Statistical analysis of laboratory data and report ($80,000)

Determining feasibility of grouping items by emission ($35,000

Review of underground facility conceptual design ($10,000)

Development and laboratory certification of open-air destruction dispersion model ($100,000)

Transition Plan:

Testing activities conducted during FY93 will be more extensively pursued in FY94, assuming
sufficient funding is received in a timely manner. The same personnel and facilities will
characterize emissions from additional munitions with small explosive weights and small
amounts of propellants. Concurrent with testing, final underground design selection will be
made. Construction of the underground test chamber will be proximate to the DPG
BangBox. No disruption of testing activities or project advancement will occur due to the
stability of personnel. Continuing and complete coordination is being maintained between
DPG and the US Army Environmental Center, Compliance Division, Aberdeen Providing
Ground, Maryland.

Funding: ($K)

FY93 FY9%4
568 278
Performers:

The DPB will direct and manage this project. The BangBox test facility, located on DPG, will
be used to conduct all testing. DPG personnel will prepare items for testing, operate real-
time instruments and data-acquisition systems, and prepare reports. Laboratories conducting
sampling and assay include alpine West Laboratories (Provo, Utah), Oregon Graduate
Institute (Beaverton, Oregon), and Radian Corporation (Research Triangle Park, North
Carolina). Andrulis Research Corporation (Salt Lake City) will assist in planning, data
analysis, and reporting.

Technical Point of Contact:

MacDonald B. Johnson

US Army Dugway Proving Ground
ATTN: STEDP-MT-TM-MO

Dugway, UT 84022-5000

TEL: (801) 831-5682 FAX: (801) 831-5052
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SERDP Thrust Area: Compliance
Title: Solar Detoxification of Explosives in Water

Problem Statement;

The goal of this proposal is to develop a cost effective solar photochemical process that can
reduce the level of contaminants in pink water to meet environmental regulations.

Targeted organizations are military facilities having water contaminated with explosives and
military facilities which operate processes that produce pink water or red water

There is a great need within DOE and DoD for new technologies that treat aqueous
munitions waste. Production lines used to fill ordnance with explosives or to decommission
devices containing explosives generate large volumes of waste water. This is termed pink
water - water which is typically contaminated with dilute concentrations of TNT, RDX, and
HMX. In addition to these process-generated waste water streams, at some sites the
contamination has found its way into the groundwater.

In the past, the method of cleaning contaminated waste streams and groundwater was to
contact it with carbon, which adsorbed the explosive. When the carbon was saturated with
explosive, it was taken to a controlled area and burned. It does not appear that adsorption
will be able to reduce TNT to the levels required by new standards for discharge of water.
In addition the spent carbon can no longer be burned in open pits. Now the carbon must
either be regenerated or sent to an incinerator and destroyed per EPA regulations, resulting
in a significant increase in cost. Thus, cost effective methods must be found for treating

- explosives-contaminated process streams as well as explosives-contaminated groundwater.
While the contaminated groundwater must be dealt with on a site-by-site basis, eliminating
explosives-contaminated water effluent from the various munitions processes will deal with
the problem at its source and is the long-term solution to the problem. The Army is looking
for a new technology that can provide this solution.

Alternative Technologies: Treatment of pinkwater streams at load and pack (LAP) facilities
and contaminated groundwater having similar compositions is required at a number of sites
across the country. These have been documented in a recent report. A wide range of
possible treatment processes has been investigated over the last two decades. Examples
include super critical water oxidation, improved adsorption processes, ultraviolet
(UV)/hydrogen peroxide, UV/ozone, and biological methods. However, these processes are
more expensive than carbon adsorption and there are various performance limitations. The
challenge, therefore, is to develop a cost-effective process that reduces the concentration of
nitroorganic compounds to acceptable levels and does not leave by-products in the water that
are themselves unacceptable. This may ultimately dictate a process that is comprised of more
than one unit operation.

Experimental work conducted by the DOE and elsewhere has shown that photocatalytic
oxidation can be used to successfully destroy a wide range of organic compounds in water.
The process does not require the addition of other reagents such as ozone or hydrogen
peroxide and can operate under sunlight or lamps so it has the potential to be of lower cost
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than others that have been studied. The relative costs of photons from lamps and sunlight
have been compared and the solar option is competitive at sites throughout the U.S.

The photocatalytic process uses a semiconductor catalyst such as titanium dioxide (TiO,) in
conjunction with near UV light to generate strongly oxidizing and reducing species. Use of
the process to destroy TNT in water has been shown with mixed results. While some
research has produced evidence for effective removal of TNT, others have found only partial
success. The difference may lie in the susceptibility of TNT and related compounds to both
oxidation and reduction. Preliminary experimental results support this idea. Reductive
chemical processes have received very little attention so this opens a new pathway for
solving the pink water problem.

This would be a new program, but would leverage a similar program being sponsored by the
DOE which is developing solar photochemical technology to destroy other hazardous
~ chemicals in water

Project Description:

The proposed project is an applied research and development effort to determine the
potential for using a photocatalytic process to destroy explosives in pink water and evaluate
the use of solar energy as the photon source.

Laboratory research will provide data needed to establish the feasibility of using a
photocatalytic process to destroy the hazardous compounds in pink water. The following-
approach will establish the processing conditions which lead to destruction of the compounds
in pink water and provide the basis for assessing the costs of using solar energy as the light
source for the process. The technical approach will consist of:

performing laboratory feasibility and optimization experiments,

performing outdoor experiments to verify the indoor results and,

developing a systems model based on performance data generated from indoor and outdoor
experiments.

Data from this work will provide the basis for cost estimates and the design of a pilot plant if
the decision is made to go to the next stage of development. This information will allow the
Army to decide on the merits of using a solar photocatalytic process to address its problem
of explosives-contaminated water. To collect this data, the National Renewable Energy
Laboratory (NREL) and Sandia National Laboratories propose the following tasks:

Task 1. Laboratory Research

1.1 Oxidative Chemistry: Experiments will be carried out to establish the conditions which
maximize the destruction of the nitro-compounds found in pink water. These experiments
will be conducted using near UV photons generated from electric lamps. TiO, will be used
as the photocatalyst with air, pure oxygen, and hydrogen peroxide as the oxidizing agents to
be tested.

1.2 Reductive Chemistry: Limited experiments performed at Sandia has demonstrated that
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reductive chemistry may play an important role in destroying nitro-compounds in pink
water. Further experiments will be carried out to establish the extent to which reduction of
the nitro-compounds in pink water may play a role in the photocatalytic process.

1.3 Process Optimization: After performing initial feasibility experiments in Tasks 1.1 and
1.2, researchers will determine the conditions which are most effective for the removal of the
hazardous components of pink water. These optimization experiments will be performed
using both spiked deionized water and actual pink water.

1.4 System Integration: System integration is often overlooked when developing new waste
treatment technologies. However, if given due consideration prior to and during the research
and development phases, then the likelihood for success of the new technology can be
greatly enhanced. Pretreatment may be necessary if the pinkwater exhibits high turbidity or
opacity in the near ultraviolet.

Task 2. Conceptual Design and Systems & Economic Analyses

The objective of Task 2 is to determine if photocatalytic oxidation and/or reduction is in
general a cost-effective method of removing the toxic compounds contained in pink water
and, specifically, to determine if sunlight is a cost-effective source for the necessary UV
photons. In this task, researchers will develop a (1) kinetic model based on laboratory
results, (2) a conceptual design(s) for a continuously operating solar system, and (3) a
systems model based on the design to perform cost estimates.

- 2.1 Development of a kinetic model will run concurrently with Task 1. The model will
account for important process parameters such as concentration of reactant, UV intensity, Ph,
etc. Various models will be tested during the accumulation of data generated from the
laboratory feasibility and optimization experiments.

2.2 Conceptual Design(s): After validating the kinetic model, researchers will formulate
conceptual design(s) for the system based on the process kinetics, expected flowrates, and
operating constraints. Questions regarding process control, continuous operation, solar/UV
lamp hybrid configurations, etc. will be addressed.

2.3 System Model and Cost Estimates: Once the conceptual design has been completed,
major system components con be identified and costs estimated. A system model will be
developed based on the kinetic model and conceptual design to produce annualized cost
data, including capital and operating expenses, for the treatment system.

Task 3. Outdoor Testing

The objective of task 3 is to verify that laboratory-scale experiments provide a reasonable
method for predicting outdoor performance and to test samples of pink water from a plant
selected in consultation with the Army. The laboratory experiments conducted under Task 1
will provide much of the necessary information needed to estimate the cost of large-scale
systems as defined in Task 2. However, this cost estimate will rely on extrapolating the
laboratory data to account for differences in reactor configuration, spectral distribution,
illumination intensity, simulated v. real pink water, and other parameters characteristic of
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large-scale systems.

3.1 Modify Test Equipment: All of the experiments performed in Task 3 will take place at
NREL’s Solar Industrial Mesa Test Area (SIMTA). Researchers will take advantage of
equipment already installed at the site for investigating the solar photocatalytic detoxification
of hazardous wastes in water, however, some modifications may be necessary to address
materials compatibility or safety issues. The test area is equipped with concentrating and
nonconcentrating photoreactors and ancillary equipment such as pumps, tanks, and
instrumentation necessary to fully support outdoor treatability experiments.

3.2 Validation Experiments with Simulated Pink Water: After modifying the test equipment,
researchers will conduct a small number of experiments outdoors on simulated pink water.
These experiments will consist of treating 5 to 30 gallon batches of water over a period of
approximately one hour. The experiments will be performed at the conditions identified in
the laboratory which result in optimum performance of the process. Results from these
experiments will be compared to the resuits predicted by extrapolating the laboratory data to
the larger scale system.

3.3 Outdoor Treatability of Army Water: Outdoor treatability experiments on actual pink
water will provide information which is essential to completing a final cost estimate for the
solar photocatalytic process. Again, these experiments will be performed at the optimum
conditions established in the laboratory and earlier outdoor experiments. In addition, any
pretreatment and posttreatment requirements identified in Task 2 will be used to ensure that
the data collected will fully represent the end result of an integrated system.

Task 4 Reporting

Quarterly reports will be sent to the SERDP Program Office and the appropriate Army R&D
group (AEC, WES, or CERL). Results of the experimental work, the demonstration system,
and the economic analysis will be given in a final report. Results will be presented to the
Environmental Center and the SERDP Office. Quarterly meetings will be held.

Relationship to DoD/DOE Environmental Objectives - Explosives contaminating water at
military facilities is one of the Department of Defense’s (DoD) most serious environmental
problems. There are numerous Army munitions facilities in the United States that have
water contaminated with explosives and propellants. The DoD’s goal is to find a less costly
alternative method of cleaning the water to that of carbon adsorption and incineration.
Existing incineration technology requires high temperatures to destroy the gases desorbed
from the carbon. This requires a great deal of energy and may result in hazardous
byproducts. By using the photocatalytic process, solar energy may be able to safely and
completely destroy the contaminants at ambient temperatures. This may lead to an
inexpensive method of destroying the explosives. The use of solar energy also provides a
clean energy source that does not cause unwanted air emissions, acid rain, or contribute to
global warming.

Relationship to other similar ongoing work - DoD, EPA, and DOE have formed a cooperative

Tri-Agency Project to demonstrate the use of solar energy to remediate contaminated soil. In
particular, it is aimed at the destruction of volatile and semi-volatile organic compounds
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contaminating soils at Army facilities. A system demonstrating the solar concept is planned
to be operating at the Sierra Army Depot in California by FY94/FY95. In the Tri-Agency
Project, explosives have been explicitly removed from consideration. The Tri-Agency project
treats contaminants in the gaseous medium. Therefore there is no overlap between the Tri-
Agency Project and the work proposed herein.

The Department of Energy has a program that is supporting the development of solar
technology to detoxify hazardous organic wastes in water. Laboratory results show that
solar energy effectively destroys a number of solvents, pesticides, and dyes. These data have
been confirmed in a field experiment at a Superfund site in Livermore, California during
1991. The experiment showed that a solar process could destroy, to EPA standards,
trichloroethylene that had contaminated groundwater. A second field experiment was
recently completed at the Tyndall Air Force Base in Florida in which the solar photocatalytic
process was used to destroy jet fuel in contaminated groundwater. These results have
resulted in substantial industrial interest, and several small companies are currently
developing the first commercial systems.

Technical risks - the process of solar detoxification of water is based on a body of work in
semiconductor photoelectrochemistry that has been developed over the last two decades. It
is well established that a wide variety of organic compounds can be completely mineralized
(broken into carbon dioxide, water, and mineral acid) in water over polycrystalline
semiconductors when they are irradiated with light exceeding the band gap of the
semiconductor energy. These uncertainties will be addressed by the proposed work.

Expected Payoff:

Benefits - this may result in a technology that the DoD and DOE could use to solve some of
its most serious environmental problems. Solar technology could help clean groundwater
contaminated with explosives (pink water).

As side benefits, the solar detoxification process will destroy a wide variety of hazardous
organic chemicals (solvents, pesticides, and dyes) that may be included in the groundwater
or process wastewater. The process may also remove some heavy metals from water. This
may result in significant long-term savings to the DoD.

Milestones:

(Months from start of project)

Six-month Progress Report 6 months

Oxidative and reductive chemistry tests complete 12 months
Process optimization tests complete 15 months
Process integration study complete 15 months
Kinetic model complete 15 months
Outdoor validation and real water tests complete 16 months
Develop conceptual design of detox system 17 months
Complete system model cost estimate of detox process 19 months
Submit final report 20 months
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Transition Plan:

Next step - This project will provide the basis for a new process to treat pink water. The
data could be used to design a pilot plant that could be built and operated at a DoD site. It
will be supported with laboratory data establishing the destruction rate of the explosives and
a cost estimate of the process. The information from a pilot plant, if successful, could be
used to complete a design for a full scale system and a cost estimate of that system. This
would enable the Army to determine if it wants to build a full scale plant at an Army
facility.

. Coordination - The DOE will be responsible for coordinating the project management with
the SERDP program and the Army (THAMA, CERL, and/or WES). The National Renewable
Energy Laboratory (NREL) would be the technical coordinators of the project; acting as
liaison between laboratory engineers, the industry sub-contractor, and the DOE/Army
management team. The goal of the DOE in this project is to use solar technology to solve a
problem of interest to the DoD. Achieving this goal requires close cooperation between all of
the above mentioned organizations. The task descriptions were developed with this
philosophy.

Funding: ($K)

FY93
890

Funds other than those allotted for subcontracts will be used at NREL or Sandia National
Laboratories.

Performers:
DOE: NREL, Sandia
SERDP: THAMA, CERL, WES

Technical Point of Contact:
Frank Wilkins, Program Manager
Solar Industrial Program, DOE

TEL: (202) 586-1684
FAX: (202) 586-7114
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SERDP Thrust Area: Compliance
Title: Hydrothermal Reduction of Eroded and Intact Energetic Wastes

Problem Statement:

The goal of this project is to develop hydrothermal reduction as a safe, nonpolluting method
for disposal of waste solid rocket propellant from manufacture, refurbishment, and
demilitarization of large rockets and for disposal of selected Army, Navy and Air Force
conventional munitions including those containing explosive D. Hydrothermal reduction
could serve as the primary treatment step in the disposal of solid rocket propellant and other
energetics or as a pretreatment for supercritical water oxidation. If employed as the primary
treatment method, effluent from the hydrothermal reduction step would be treated by
biological treatment or an advance oxidation process. Hydrothermal reduction also has
potential for in situ (in the casing) decomposition of propellant and other energetic materials.

Activities having responsibility for disposal of waste propellant from rocket motors and
energetic waste from demilitarization of conventional weapons. This would include all Tri-
Service activities, USADACS, AMCCOM, USN/SSP and the Air Force Material Command,
Ballistic Systems Division (BSD) as well as Ogden Air Logistics Center responsible for Air
Force large rocket motors. This technology could apply to projects under investigation by the
DOE, such as the Waste Component Recycle, Treatment and Disposal Integrated
Demonstration and DOE/USAF Pollution Prevention and Waste Minimization Memorandum
of Understanding,.

Current incineration and open burning/open detonation methods generate air and solid
pollution, require permits and site remediation, and are at risk for increased regulation and
possible shutdown. The wet air oxidation and supercritical water oxidation operating regions
have been explored in other efforts. However, destruction of energetic materials, which are
characteristically oxidant rich, in near critical water under reducing conditions (hydrothermal
reduction) has received little attention. In a previous 6.2 effort, decomposition of individual
energetic materials into smaller, nonenergetic molecules under conditions of hydrothermal
reduction was verified in bench scale experiments, and the catalytic effects of certain salts
was discovered. The method, hydrothermal reduction, decomposes energetic wastes in
subcritical water at temperatures ranging from 250°C to 373°C (the critical temperature).
Corresponding pressures required to maintain the liquid phase range from 580 psi at 250°C
to 2400 psi at 350°C with a maximum of 320 psi as temperatures approach 373°C. The
chemistry appears to change from hydrolysis to reduction at higher temperatures. Reducing
agents, but not oxidants, are added depending on the material to be treated.

This project is a new start in 1993.

Project Description:

The technical objective of this program is to develop and demonstrate hydrothermal
reduction for destruction of propellant and other energetic wastes, first at bench scale and

then at the prototype scale. Hydrothermal reduction will be applied to both continuous
processing of propellant wastes and to destruction of propellant in the rocket motor casing.
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Treatment methods for hydrothermal reduction effluent, whether from continuous processing
or from in-situ propellant decomposition, will be integrated with the technology. Methods to
be investigated for integration with hydrothermal reduction are advanced oxidation
(ozone/hydrogen peroxide/UV), biological treatment and supercritical water oxidation.

The technical approach can be classified into four areas: bench-scale tests, demonstration of
continuous processing, in situ destruction of propellant and effluent treatment technologies.
Bench-scale tests will be run to expand the experimental database. Tests on pure materials
will expand the database to higher temperatures, increased concentrations and additional
energetic materials including ammonium picrate and to provide a better understanding of
catalytic effects. A second set of experiments will test decomposition of composite
propellants and energetic mixtures. Continuous processing will be demonstrated in a bench-
scale reactor, which will be constructed and operated as part of this project. Preliminary
batch scale experiments will determine whether hydrothermal reduction has potential for
application to smoke and dyes. Based on the bench-scale results, a continuous prototype
reactor can be constructed and tested.

In situ (in the casing) decomposition will be evaluated by performing bench scale
experiments on solid blocks of propellants and composites. If the course and rate of in situ
propellant decomposition and removal of reaction byproducts are promising, in situ
decomposition will be demonstrated on a subscale motor.

A literature search will be conducted to locate information and commercially available
equipment applicable to conventional aerobic biological treatment and advanced oxidation
processes. Tests will initially be performed on a solutions mixed in the lab and later on
actual effluent from the bench scale reactor. Lab tests will be conducted on promising
advanced oxidation processes/systems to identify and overcome any barriers to operation at
high temperatures. Treatment processes will then be tested in a continuous bench-scale
system. For biological treatment, organisms from sewage treatment sludge will be tested for
degradation rates and the most promising cultures will be enriched. Continuous operation
will then be demonstrated in a bench scale system. Depending on the results of the lab
experiments, advanced oxidation may be integrated into the prototype hydrothermal
reduction system design. Biological treatment would use conventional technology and
therefore would not necessarily be demonstrated in a prototype unit.

Hydrothermal reduction will be evaluated as a pretreatment for supercritical water oxidation
by performing sequential tests under conditions of hydrothermal reduction and then
supercritical water oxidation.

Hydrothermal reduction promises a safe, economical nonpolluting method for disposal of
solid rocket propellants and energetic material from conventional munitions. Development
of alternatives to open burning/open detonation are critical if DoD is to fulfill propellant
disposal requirements in an environmentally acceptable manner.

This effort will exploit other activities focused on the destruction of energetic materials.
Removal of Class 1.1 propellant by cryogenic washout and disposal by supercritical water
(SCWO) are being demonstrated at prototype scale under contract with General Atomics.
Small scale destruction of waste laboratory energetic materials by hydrothermal reduction
will be tested in a separate a 6.2 effort. Hydrothermal reduction can serve as a method to
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expedite these processes or may prove to be a more economical method of SCWO
pretreatment. SCWO is also being tested by ARPA for disposal of hazardous wastes and by
DOE for mixed wastes. Research on the disposal of energetic materials ongoing at Los
Alamos and Sandia National Laboratories on SCWO high temperature corrosion and solids
formation will contribute to the research surrounding hydrothermal reduction.

Although accompanied by technical risks commensurate with any R&D project at a similar
stage of development and similar complexity, development of hydrothermal reduction
reduces the overall risk in the search for alternatives to open burning/open detonation.
Reaction paths and the basis for catalytic effects are not well understood at this time. Further
testing at higher temperatures, in the presence of catalysts and on energetic mixtures may not
be as predicted. In situ destruction of propellants might prove impractical due to mechanical
complexity, slower than expected reaction rates, solids sloughing and plugging, etc.

Technical risk in treatment of hydrothermal reduction effluent is mitigated by pursuing three
possible technologies; advanced oxidation, biological treatment and supercritical water
oxidation. All three are technically achievable, but could prove impractical or uneconomical.

Expected Payoff:

Development of hydrothermal reduction promises a safe, economical and environmentally
acceptable method for disposal or solid rocket propellant and energetic material from
conventional munitions, smokes and dyes. Biological treatment or advanced oxidation
processes will serve as the final treatment prior to discharge. Hydrothermal reduction can be
used as a pretreatment step for supercritical water oxidation, which is at the prototype test
stage, replacing other pretreatment options such as acid or base hydrolysis. In situ
decomposition of propellant could eliminate the need for a washout step and thus provide
for more economical removal of propellant from the casings.

Milestones:

Based on laps time following receipt of funds (ROF).

Task L. Bench Scale Testing
Contract for Bench Scale Tests 30 days
Build Continuous Bench Scale Reactor 150 days
Complete Tests on Individual Energetics 16 months
Complete Tests on Blocks of Composites 28 months
Complete Continuous Tests on Composites 31 months
Technical Report 32 months

Task IL Demonstrate In Situ Decomposition
Contract Award 30 months
Engineering Design 34 months
Assemble/Test Equipment 39 months
Testing and Demonstration 46 months
Technical Report 48 months
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Task III.

Task IV.

Task V.

Task VL

Demonstrate Continuous Processing
Contract Award

Engineering Design

Prototype Construction

Shakedown and Operational Tests
Prototype Test and Demonstration
Final Report

Biological Effluent Treatment
Start Work

Batch Tests/Select Organism
Continuous Bioreactor Operation
Engineering Evaluation
Technical Report

SCWO Tests

Contract Award

Test Representative Hydrothermal Effluent
Test Actual Hydrothermal Effluent
Technical Report

Advanced Oxidation

Literature and Process Survey
Initial Process Selection

Bench Scale Tests

Oxidation Process Down Selection
Bench Scale Testing

Technical Report

Transition Plan:

35 months
42 months
46 months
50 months
58 months
60 months

12 months
21 months
29 months
33 months
35 months

18 months
23 months
34 months
35 months

15 months
17 months
27 months
28 months
37 months
39 months

The technology will be transitioned to OO-ALC for implementation in propellant disposal.
For application to conventional munitions, the technology will be transitioned to the

responsible Army, Navy or Air Force organization for implementation.

Funding: ($K)

FY93
390

Performers:

FY9%4
1250

SRI International (Menlo Park, CA) will perform work on hydrothermal reduction. The work
will be performed under an option being included in a project addressing laboratory
energetic wastes. Work on biological treatment will be performed inhouse by ASI under the
SETA contract. Advance oxidation treatment will be performed under a Task Order Contract
or other appropriate mechanism. One of the organizations performing SCWO research
(ARPA, General Atomics, etc.) will perform the SCWO treatment under an appropriate
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contracting mechanism.

Planned cooperative/coordinating agencies: USADACS, USN/SSP, AFMC, OO-ALC,
AMCCOM, DOE/OAK RIDGE, DOE/LOS ALAMOS NL, DOE/SANDIA NL, ARPA.

Technical Points of Contact:

AL/EQS-OL, Capt. William Gooden
139 Barnes Drive, Suite 2

Building 1120, Stop 37

Tyndall AFB, FL 32403-5323

TEL: (904) 283-6239

FAX: (904) 283-6064
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SERDP Thrust Area: Compliance
Title: Catalytic Extraction Processing of Energetic Wastes and Munitions
Problem Statement:

This project will develop Catalytic Extraction Processing (CEP) as a safe, economical, and
environmentally acceptable method for the destruction of propellants, explosives, and
pyrotechnic (PEP) wastes and selected munitions/components that cannot be
recycled/reused for military or commercial purposes. The application of CEP to energetic
wastes, munitions and metal components (fuzes, boosters, primers, etc.) containing energetic
materials will destroy the hazardous organic constituent of the waste while generating useful
metals that can be recycled/reused or sold for market value. Application of CEP would
serve to replace current practices of Open Burning/Open Detonation (OB/OD) which is
currently the primary treatment technology being utilized at ammunition production plants,
load, assemble and pack (LAP) facilities, and installations with a designated demilitarization
mission.

Targeted departments or organizations would be the DoD and DOE facilities with mission
responsibilities for the disposal of energetic materials from conventional and non-
conventional (e.g., rocket motors, warheads, etc.) munitions.

Existing technologies being utilized for the destruction of hazardous energetic wastes,
assembled conventional munitions and munitions components are primarily limited to
OB/OD and incineration. These practices are under considerable scrutiny as being
environmentally unfriendly by the public and the Environmental Protection Agency. There is
a technological need for alternatives to these current practices that are known to contaminate
human health and the environment. Recycle/reuse of a majority of the compositions that are
currently OB/OD or incinerated are desirable. However, in many instances throughout the
life-cycle from initial production through demilitarization, recycle/reuse of the energetic will
not be possible. CEP, developed by Molten Metal Technology, Inc, dissociates hazardous
wastes into their elemental constituents by injecting them into a bath of molten metal at
temperatures as high as 3500 degrees Fahrenheit. The bath composition is dependent on the
waste material that is being destroyed but is usually iron, nickel or copper. The process does
not produce products of incomplete combustion that can form oxides of sulfur or nitrogen
because of the reducing atmosphere inside the molten metal bath. Organic wastes containing
inorganics and heavy metals are broken down into their respective elemental constituents of
carbon and hydrogen, the metal is collected in the bath, while the inorganic forms a slag in
the center of the bath. Gases generated from the bath contain carbon monoxide and
hydrogen which can be recovered for industrial use or burned onsite for their BTU value.
The inorganic slag can also be removed and sold for its commercial value.

This project is a new start in 1994.
Project Description:

Execution of this program will develop CEP technology as an environmentally acceptable
treatment method for the destruction of energetic materials, munitions and weapons
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components. OB/OD will be minimized and potentially eliminated through successful
development of this program.

Phase I of this technology development program will demonstrate the technical feasibility of
utilizing the CEP for the destruction of various types of propellant, explosive and pyrotechnic
formulations. Bench scale experimentation and testing will be performed utilizing a 100
pound bath of molten metal on small quantities of energetic simulants. A preliminary
hazard assessment will be conducted prior to testing with various types of energetic
formulations. Various methods (from solvent injection to bulk materials feeding) will be
analyzed for feeding energetics into the molten metal bath. The optimum method will be
identified and developed. Full scale characterization of all process effluents generated from
the molten metal bath will be conducted in accordance with standard EPA tests. Concurrent
with the bench scale feasibility studies, inert testing using uploaded munition items will be
performed on an existing 2000 Ib CEP unit. Preliminary design data will be generated from
the inert testing for the full scale design of a prototype demonstration treatment unit
processing 100 Ibs per hour of waste materials. A preliminary economic assessment will be
conducted to identify the projected treatment and technology development costs for pilot
scale development.

Phase II of this program will initiate the development of the technical equipment design
package for the 100 1b per hour demonstration treatment unit. An existing off the shelf
computer process control software package will be modified and integrated into the design of
the treatment unit. Experimentation will be conducted to optimize energetic feeding
parameters and identify the optimum materials of construction for the demonstration unit.
Standard off gas treatment equipment will be identified and incorporated into the design
package. This equipment will be utilized to purify the high energy producer gas.

Phase III will finalize the characterization studies required in support of the design effort.
The process equipment design package for the demonstration treatment unit will be
completed. A test plan will be formulated for operational verification of the system. The
plan will be implemented after fabrication of the equipment during operational testing and
proveout. A site survey will be conducted to determine the optimum location for the unit.
The final model systems hazard analysis will be performed. The required environmental
permitting documentation will be prepared and submitted for approval.

The equipment fabrication and proveout efforts will be executed in accordance with the
transition plan.

CEP processing of energetic wastes is an environmentally attractive alternative treatment
method to OB/OD. Development of alternative treatment technologies are critical to the
DoD and DOE mission.

Molten Metal Technology has recently been funded by the Department of Energy, Sandia
National Laboratory (Albuquerque, NM) to evaluate CEP technology for recovering precious
metals (e.g., gold, platinum, etc.) from circuit boards generated from nuclear weapons
dismantlement. Efforts will be leveraged with the execution of this program to ensure efforts
are not duplicated.
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Results of the phase I feasibility studies and technology development costs will dictate
whether or not this program will proceed to phase II design. This technology is a viable
alternative to OB/OD and has been demonstrated for a variety of hazardous and toxic
wastes (included are halogenated organic solvents, PCB’s, cyanides, and complex substances
containing heavy metals, etc.). A commercial size treatment unit consisting of 2000 1b molten
metal bath has been constructed and is currently being tested for a wide variety of wastes.

Expected Payoff:

A safe, economical, and environmentally attractive treatment method for the destruction of
energetic wastes, munitions and munition components.

Milestones:

Phase 1 Contract Award
Bench Scale Tests on Simulant
Hazards Assessment
Bench Scale Tests on Energetic Formulations
Inert Munitions Testing on Industrial Unit
Technical Report

Phase 11 Contract Award
Initiate Engineering Equipment Design
Bench Scale Tests to Support Design
Integrate Process Control into Design

Phase III Complete Characterization Studies
Final Equipment Design Package
Final Systems Hazard Analysis
Environmental Permitting Documentation
Technical Report

Transition Plan:

The technology will be transitioned upon completion of the design package to the
Ammunition Peculiar Equipment Section at HQ, AMCCOM for implementation
demilitarization mission. This procedure is analogous to the transition plan currently being
executed for the Supercritical Water Oxidation Technology Development Program. the
technology will be transferred to manufacturing and LAP facilities with the DoD and DOE.

Funding: ($K)

FY93
600

FY9%4
750

92

1 month

3 months
4 months
7 months
12 months
13 months

13 months
13 months
25 months
28 months

28 months
36 months
36 months
48 months
36 months




Performers:

Molten Metal Technologies, Inc., Waltham, MA
(Have proprietary rights to the CEP technology)

Planned cooperative/coordinating agencies: DOE, Sandia National Laboratory, Albuquerque,
NM, Mr. Ted Wheelis

Technical Points of Contact:

Mr. Crane Robinson

US Army, AMCCOM

Armament Research, Development and Engineering Center
Picatinny Arsenal, NJ 07806-5000

TEL: (201) 724-5839

DSN: 880-5839

FAX: (201) 724-3162
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SERDP Thrust Area: Compliance
Title: ADVACATE Boiler Emission Control System
Problem Statement:

The goal of this project is to augment with FY93 funds a demonstration of ADVACATE SO,
control technology previously funded in Phase I by:

adding features for NO, control

adding air toxics control

extending testing and analyses to demonstrate NO, and air toxics reduction
preparing an engineering evaluation in final report that evaluates applicability and
projected pollutant reductions at DoD facilities.

o 0 C o

The ADVACATE process was developed by the University of Texas, Air and Energy
Engineering Research Laboratory/EPA, and Acurex Environmental, Inc. as a low-cost SO,
control process using a unique dry sorbent prepared from boiler fly ash and lime. The
Tennessee Valley Authority has recently completed a 10 MW, field evaluation of
ADVACATE and ABB-Flakt has been granted a license for ADVACATE application on utility
boilers. In FY92, an ADVACATE SO, control system was selected for SERDP funding at a
DoD boiler site. Recent ADVACATE research indicates potential for significant NO, and air
toxics control by modifying ADVACATE chemistry and the process steps.

Development of the process to date has been directed toward pulverized coal boilers,
although a few minor process modifications should make ADVACATE compatible with
stoker firing.

The proposed program is an enhancement to a Phase I SERDP project and current EPA
research on ADVACATE emission control technology.

Project Description:

The original technical objective of this project was to apply ADVACATE to a DoD stoker
boiler to demonstrate effectiveness for the large industrial stoker boiler population which has
been ignored by Clean Coal Technology programs. [The high carbon stoker fly ash requires
different sorbent processing than utility boiler ash for effective SO, control.] FY92 funding
was only one-half ($1.345 million) that required to retrofit a 10-12 MW, equivalent boiler for
90% SO, control.

The current technical approach is to collect ash from candidate DoD boilers in early 1993,
perform bench and small-pilot evaluations, and make a preliminary estimate of ADVACATE
retrofit costs. Simultaneously, a pilot program at Southern Research Institute will evaluate
NO, and air toxics control capabilities of ADVACATE which can be applied at the DoD site.
If additional funding is available in 1993, site selection and detailed design may commence
prior to construction in 1994. '
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Title XIII of the Energy Policy Act of 1992 requires DOE to demonstrate coal-based
technologies which are more cost-effective than existing technology. Based upon the most
recent Electric Power Research Institute (EPRI) study, ADVACATE is the lowest-cost SO,
control technology capable of 90% SO, reduction.

In addition, the proposed program would allow compliance with any local or state SO,
regulation over a wide range of coal sulfur content, or alternatively allow a flexible SO,
"bubble” for a group of DoD boilers. The anticipated NO, reductions of 20-40% are not
significant since few stoker boilers are subject to NO, regulations, but air toxics reductions
could be very significant. We know of no similar work for the stoker boiler sector which is
in dire need of low-cost emission control technology.

Proposed tasks/activities are discussed under Milestones, below. Technical issues include:

- Use of stoker bottom ash vs. fly ash for sorbent
- Location of injection point for NO, control
- Effectiveness of carbon in ash for mercury emission control

These will be addressed in FY93 pilot evaluations at AEERL, Research Triangle Park and
Southern Research Institute, Birmingham, AL.

Expected Payoff:

This project will demonstrate a low-cost multipollutant control system for smaller coal-fired
boilers which will be available via Government license to all DoD facilities and will be
available to the private sector through the licensee, ABB-Flakt. Since this will be the only
stoker facility with ADVACATE, the possibility exists for a DoD Cooperative Research and
Development Agreement (CRDA) with ABB-Flakt to provide future data for process
optimization and development support for sales to the private sector.

The impact of the proposed project will be space consumed for lime and sorbent storage, and
additional solid waste generated. Time required for installation depends on the extent of
dust collector modifications to handle and recycle increased solids loadings and would pose
no problem if a seasonal boiler is selected for retrofit. The efficiency of steam generation
should be relatively unaffected by the installation and operation of the ADVACATE system.
Although no cost studies have been performed for stoker application, ADVACATE was the
most cost-effective SO, control technology identified in the 1991 Electric Power Research
Institute study for utility boiler applications.

Milestones:

The following milestones reflect completion dates for the activities described in the Project
Description.

Site visits, ash samples 04/93
Bench/pilot simulations 07/93
NO,/air toxics results 09/93
Cost estimates/site selection 10/93
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Detailed design 12/93
Commence construction 04/94
Complete construction 10/94
Baseline tests 12/94
Shakedown/Startup 03/95
Testing/monitoring complete 12/95
Final report 03/96

Transition Plan:

U.S. EPA/AEERL is currently coordinating this project with the Corps of Engineers’
Construction Engineering Research Laboratory, which is assisting in site selection for the
Phase I ADVACATE system.

At the completion of the SERDP program, a final report will be issued (3/96) which projects
the performance and costs of ADVACATE for stoker-fired boilers. The licensee(s) will be
expected to arrange with the DoD facility a Cooperative Agreement wherein the facility will
be available for potential clients and possible testing on other coals as fuels for broader
applications of the ADVACATE technology.

Since the ADVACATE technology uses a modest amount of commercially available
components, industry production is not a concern.

Funding: ($K)

FY93
1,250

This project will be substantially leveraged by funding from EPA/AEERL, TVA, and ABB-
Flakt, whose combined funds will contribute $785K toward the Phase I and II programs. In
FY93 SERDP funding of an additional $1.25 million will allow adaptation of the proposed
enhancements. The following is a funding breakdown of tasks for both Phase I and II
programs:

Activity Funding Level Source of Funds

Site visits/sampling 15 EPA
Bench/pilot simulations 75 EPA

NO, /air toxics tests 125 EPA

Cost estimates 20 EPA/ABB-Flakt
Design 150 TVA/ABB-Flakt
Construction 1500 SERDP

Sorbent (lime) 100 SERDP

Pilot support 400 EPA/ABB-Flakt
Operation 350 SERDP
Testing/monitoring 400 SERDP
Engineering study 100 SERDP

Final report 150 SERDP
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Performers:

AEERL (pilot plant support)

TVA (field pilot support)

ABB-Flakt {design/engineering), existing CRDA with AEERL
DoD (host site/facility operation)

Southern Research Institute (NO,, air toxics enhancements)
Acurex Environmental (pilot plant/fundamental chemistry)
University of Texas (pilot plant/fundamental chemistry)
Test Contractor: To be determined

Technical Point of Contact:

Charles B. Sedman, MD-4

Acting Chief, Gas Cleaning Technology Branch
Air & Energy Engineering Research Laboratory
U.S. Environmental Protection Agency
Research Triangle Park, NC 27711

TEL: (919) 541-7700

FAX: (919) 541-2382
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SERDP Thrust Area: Compliance

Title: eSCRUB - The application of DNA pulsed power to electron scrubbing of flue gas to
remove unwanted by-products.

Problem Statement;

Utilizing electron beam dry scrubbing (EBDS), the objectives of this program are to
demonstrate a cost effective approach for removing NO, and air toxins from DoD
incinerators and SO, and NO, from coal fired boilers. This program will also provide
technology transfer so that civilian utilities which use high sulfur content coal can continue to
do so and still comply with the Clean Air Act Amendment (CAAA) of 1990. Thus, this
program will avoid the devastating economic impact of the CAAA on producers of high
sulfur content coal.

Project Description:

The Defense Nuclear Agency has supported pulsed power research for nuclear weapons
effects simulation (NWES) for many years. This research has presented DNA with an
opportunity to integrate this electron beam technology into EBDS, to provide an affordable
electron beam dry scrubbing of stack gases. Over the past twenty years, EBDS has
demonstrated the efficient removal of SO, and NO, from the stack gas of coal-fired facilities
and NO, and air toxins from the flue gas of incinerators. The DoD is mandated by the
CAAA of 1990 to reduce emissions from its incinerators of NO, and air toxins: these
pollutants contribute significantly to the smog problems in urban areas. In addition, coal-
fired facilities contribute significantly to acid rain and other air pollution problems through
emission of SO, and NO,. This problem is common to DoD coal fired facilities, and many
commercial facilities. Furthermore, civilian utilities in the eastern United States which rely on
high sulfur coal mined in the Appalachian area will also be severely affected by the CAAA
1990, which mandates significant reduction of both SO, and NO, emission for existing plants
and new construction.

Until now conventional electron beam generators have been too expensive for cost effective
application of EBDS. However, in support of NWES, the Balanced Technology Initiative
(BT1) and the Strategic Defense Initiative Office (SDIO), DNA has developed the high power
transformer accelerator (HPTA), electron beam generator. This can satisfy the power, size
and cost requirements for an EBDS process affordable by the utilities and Dod boilers
burning high sulfur coal and incinerators burning municipal solid waste (MSW)

Specifically, using the HPTA technology, DNA will develop a high power, continuously
pulsed electron beam generator; the major elements and support subsystems are:

(1) Slow power condition system, which includes main power supply, command
resonance charge unit and thyratron switched unit;

(2) Saturaole reactor modulator, which includes saturable reactor units, pulse forming
lines, output lines, and reset circuits;

(3) High Power Transformer Accelerator which includes the cells, HPTA support
structure, cathode stalk and its support structure;
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4 Electron Gun (E-Gun) which include thermionic-cathode support structure, thermionic
cathode, grids, grid driver, foil and foil support structure;

)] Instrumentation Command and Control (IC?) which includes all diagnostics, safety
interlocks and operation;

6) Auxiliaries which include oil, water, and vacuum subsystems; heat exchangers;
flowing gas load which includes duct-work, dryers and blowers; and facility
modifications such as prime power, conduits, storage tanks and thermal management.

In addition, DNA will derive an optimum layout of an EBDS treatment facility utilizing
HPTA for the electron gun.

Expected Payoff:

The DoD is mandated by the CAAA 1990 to significantly reduce the emissions of air toxins
and NO, from its incinerators, especially those within high smog urban zones or those that
can effect these through air motion. A cost effective EBDS (made so through the application
of DNA’s HPTA electron beam generator technology) would simultaneously remove both of
these pollutants. Furthermore, there is now a unique opportunity to transfer defense
technologies canceived for use in SDI, BIT, and NWES to the civilian economy to address
severe national environmental and economic concerns. With EBDS, a critical national
environmental goal mandated by the CAAA 1990 can be met without a devastating economic
impact on the coal industry and the users of high sulfur coal. The Defense Nuclear Agency
believes that this transfer of defense technology is a very valuable addition to the overall
Strategic Environmental Research and Development Program.

In addition, the advent of low cost gun technology will allow the cost effective application of
e SCRUB up to 28 DoD coal fired facilities (in the range 10 to 45 MWe), removing ~95
percent of total SO, and~"70 percent of total NO, from each plant. This represents ~47
percent reduction of the total emissions by treating just 21 percent of the total (131) DoD coal
fired facilities.

Finally, the development of a compact, high power, high efficiency, continuously-pulsed
power system will facilitate a wide spectrum of advanced weapon system developments such
as:

(1) Electronic jamming systems

(2) Electronic mine clearing devices

3) Directed energy weapons such as high energy lasers and high power microwave
sources

Transition Plan:

The Defense Nuclear Agency will collaborate with the Karlsruhe Nuclear Research Center
(KFK), which has an active program in the EBDS program with KFK. Karlsruhe Nuclear
Research Center will apply the two-step irradiation process and moving gravel bed filter
developed by KFK to the high sulfur content coal and moderate de-NO, (70 to 80 percent
removal efficiency) conditions appropriate to the East Coast of the United States. In addition
they will apply the EBDS process to the high deNO, and deSO,, low deSO, and high HCL
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levels typical of DoD incinerators burning municipal solid waste (MSP). The Defense
Nuclear Agency will also collaborate with the University of West Virginia, which has an
active program in the clean coal technology. They will assist in the analysis of EBDS for
incinerators and utilities, along economic analysis of the by-product (fertilizer) value.

During FY 92, DNA will perform an integrated test of these HPTA subsystems:

- Average Power 0.5 MW
Run Time 10 Minutes
Beam Kinetic Energy 800 keV
Beam Current 6 kA
Load Flowing Gas

Also during FY 92, DNA will task KFK to document EBDS under conditions simulating high
sulfur east coast coal and DoD incinerators burning municipal solid waste. Both the KFK II
AGATE I Test Facility and kinetic reaction computer models will be applied.

Funding: ($K)

FY92 FY93
6000 833

Technical Point of Contact;

Mr. James A. Marsh

Office of Deputy Assistant Secretary of Defense for Environment
Room 206

400 Army-Navy Drive

Arlington, Virginia 22202

TEL: (703) 695-8360

Major Jeffrey Cuker
Defense Nuclear Agency
6801 Telegraph Road
Alexandria, Virginia 22310
TEL: (703) 325-0905
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SERDP Thrust Area: Compliance
Title: Shipboard Non-oily Wastewater Treatment System

Problem Statement:

This project will develop and demonstrate membrane-based graywater and blackwater
treatment technology for forward fit into surface ships of the year 2000, providing ships with
the capability to operate in environmentally sensitive areas by: (1) meeting future national
and international water quality standards, and (2) meeting the requirements of DoD Directive
6050.4. This program significantly enhances and expands upon an existing Navy program
whose major objectives are to minimize blackwater generation rates by vacuum-collecting
water closet and urinal wastes and minimize graywater generation through process changes
and reduced flow plumbing fixtures.

The crew and passengers aboard commercial and military ships generate large quantities of
blackwater and graywater (30 to 45 gallons per person per day yields 7500 to 11,250 gallons
per day from a destroyer; 180,000 to 270,000 gallons per day from an aircraft carrier).
Blackwater is from urinals and water closets. Graywater is from shower, laundry, lavatory,
scullery and galley. Current provisions of the Clean Water Act (CWA) control the overboard
discharge of untreated blackwater within the contiguous zone of the United States, and
implementation of Annex IV of the MARPOL Protocol (The International Convention for the
Prevention of Pollution from Ships) will regulate the discharge of blackwater from all
ocean-going ships world-wide. The Navy anticipates that graywater discharges will be
similarly regulated in the near future. No proven wastewater treatment technology exists
today that will reliably meet both the effluent quality requirements of MARPOL Annex IV
and the operating requirements of ocean-going ships (highly reliable, maintainable,
supportable, and safe).

U.S. Navy ships today collect and hold only blackwater in collection, holding, and transfer
(CHT) tanks for up to 12 hours, or until tank capacity is reached, while transiting the U.S. 3-
mile contiguous zone. Graywater is discharged directly overboard. In the future, the 3 mile
limit will probably be extended to 12 miles and graywater discharges will also be regulated.
Other nations visited by U.S. naval and commercial ships are also expected to impose more
strict environmental laws as well. Ships that rely on holding tanks will be not be able to
comply.

Project Description:

The technical objective of this project is to demonstrate ultrafiltration membranes as the basis
for a treatment process for shipboard graywater, blackwater, and combined graywater and
blackwater aboard a U.S. Navy auxiliary ship (submarine or destroyer tender). The successful
shipboard system will be capable of consistently producing an effluent that meets water
quality standards of 30 mg/1 for Biochemical Oxygen Demand (BOD), 30 mg/1 for Total
Suspended Solids (TSS), fewer than 14 Fecal Coliform/100 ml, and be non-toxic.

Ultrafiltration membranes have been used by industry to treat water and wastewaters for
several decades. New materials and innovative geometries have improved membrane
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reliability and increased permeate rates while reducing size requirements. These new
membrane materials and systems have successfully treated shipboard oily wastewaters in
laboratory and field evaluations. Application to shipboard non-oily wastewaters is promising.

The approach will be to conduct laboratory evaluations of selected commercially available
systems, membranes, and technologies and determine their ability to process blackwater,
graywater, and combinations of the two. The most successful candidate(s) will be
incorporated into a full scale prototype and installed on a Navy vessel for evaluation and
demonstration. Cost/benefit analyses and safety studies will be performed. Evaluation and
demonstration results will be transitioned to the Naval Sea Systems Command’s Shipboard
Environmental Protection Program (NAVSEA 05V) for inclusion in the Shipboard Systems
Acquisition Program. This project will consist of the three major tasks listed below.

L Evaluate candidate membranes, systems and process in the laboratory.
IL. Design and fabricate shipboard prototype non-oily waste water treatment system.
. Install prototype aboard Navy test ship, operate and evaluate membrane performance,

life expectancy, and cleaning requirements.

This project supports the Department of Defense objectives of environmental compliance and
unrestricted access by DoD vessels to all navigable waters and ports worldwide.

The Navy has just begun a very limited technology evaluation of membranes for treating
shipboard graywater and oily bilgewater. That program has identified ultrafiltration
membranes as the most promising approach.

The major technical risks in pursuing this program are the shipboard interface requirements
for space, weight, energy, operator attention, and maintenance. Two important maintenance
items will be membrane life expectancy and membrane cleaning requirements.

Expected Payoff:

Successful development ensures compliance of every DoD vessel with all current and
anticipated graywater and blackwater discharge regulations. Ships could then operate in
restricted zones, ports, and harbors for extended periods of time and avoid the costs
associated with non-compliance violations. Additionally, the cost of discharging non-oily
wastewater to port handling facilities could be avoided; the Navy has spent 5 million dollars
annually for this purpese in Mediterranean ports alone.

The result of this program will be a shipboard non-oily wastewater treatment system. The
system will be applicable to U.S. Navy ships, U.S. Army ships, commercial vessels, off-shore
platforms, and possibly as a mobile waste treatment plant for Army and Marine ground
operations. Finally, the potential for recycling treated effluent will provide a beneficial impact
on energy needs fo produce fresh water and for areas of the world with severe water
shortages.
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Milestones:

During the FY93 execution year the following will be accomplished:
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Identification of promising membrane configurations.
Evaluation of membrane performance for Graywater, Blackwater, and Combined
wastewater in the laboratory.
Assessment of pre/post filtration/treatment requirements.
Preliminary membrane cleaning tests.
uring the FY94 execution year the following will be accomplished:

Award contract

Evaluate membrane treatability

Assess pre/post treatment requirements
Conduct membrane cleaning and longevity tests
Determine ship interface requirements

uring the FY95 execution year the following will be accomplished:

Identify membranes, systems, geometries, and materials
Prepare conceptual shipboard designs for 300 man ship
Design shipboard prototype

Conduct preliminary hazard analysis

Select test ship

Fabricate prototype

Prepare installation drawings

Install aboard test ship

During the FY96 execution year the following will be accomplished:

1.
2,
3.

Prepare preliminary O&M manual
Conduct ship evaluation/demonstration
Transition to NAUSEA Advanced Development/Acquisition Program

Transition Plan;

U

pon completion of this project in FY96, the product will be transitioned to the Naval Sea

Systems Command (NAVSEA 05V). The transition roadmap will be as follows:

FY93-FY96 ===>>  FY97-FY99 ====>> FY00+

SERDP Execution  Develop final software documentation, Procure/Install the
level III drawings, specifications, equipment fleetwide

The NAVSEA program manager (SEA 05V) will direct this development under SERDP in
order to ensure that the product will meet the fleet’s needs. Since commercially available

Preproduction Prototypes fabrication,
Shock/Vibe/EMI testing, TECHEVAL/OPEVAL/AFP

membranes will be used, industry will be able to meet the production requirements.
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Funding: ($K)

FY93 FY9%4
1325 1325
Performer:

Department of the Navy
Carderock Division, Naval Surface Warfare Center
Annapolis, MD 21402

The U.S. Navy is the lead agency for Global Marine Compliance under the DoD
Environmental Quality Strategic Research and Development Plan. All environmental research
by the Army, Navy, and Air Force is coordinated through this Reliance plan. Additional
Coordination of this project is envisioned between U.S. Navy, U.S. Department of
Transportation (U.S. Coast Guard), U.S. Environmental Protection Agency, and the U.S. Army
(Belvoir RD&E Center). Membrane and membrane system manufacturers will be involved in
the design, testing, and fabrication of laboratory and shipboard prototype test systems.

Technical Point of Contact:

Craig S. Alig

Carderock Division

Naval Surface Warfare Center
Code 634

Annapolis, MD 21402

TEL: (410) 267-3526

FAX: (410) 267-4874
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SERDP Thrust Area: Compliance

Title: Single Event Noise/High-Energy Impulsive Sounds and Human Response Predicticn
Model Development

Problem Statement:

The National Environmental Policy Act (NEPA) requires the U.S. Air Force (USAF), and the
other DoD components, to predict the effects on the environment of all major proposed
changes in aircraft operations. Community annoyance in response to aircraft overflight noise
is one of the most significant environmental effects addressed in environmental impact
analyses documents. As part of the evolution of an acceptable methodology to predict
community annoyance in response to aircraft overflight noise, the Environmental Protection
Agency (EPA), the National Park Service (NPS) and concerned citizen groups who have
participated in public scoping meetings have increasingly requested that the USAF address
human annoyance due to individual aircraft overflights. Furthermore, research by the Army
on artillery fire found higher annoyance responses at sound levels much lower than a sonic
boom. The Army has continued to study artillery fire and blast noise compared to helicopter
and wheeled vehicle transportation noise.

The recent report of the Federal Interagency Committee on Noise (FICON) (1992) stated that
single event impact analyses should be considered for inclusion in environmental impact
analyses under certain circumstances. Additionally, the Congressionally-mandated
Department of the Interior NPS Wilderness Overflight study is exploring the use of single
event annoyance analysis, using a technical approach similar to that being considered for the
present project, for determining acceptable noise levels from military flight operations over
NPS lands. The modeling capability proposed for development is especially critical in order
to be prepared to respond technically to expected Congressionally mandated noise
restrictions (which may vary from no overflights of these areas to severe noise exposure
budgets) over national parks and Wilderness areas.

The goal of this project is to address the concerns of various federal agencies and citizen
groups interested in environmental noise assessments by developing a single event noise
exposure/high-energy impulsive noise and community response prediction model.
Additionally, the new project would conduct studies to provide definitive and technically
defensible data to avoid future controversies and long delays in the EIS approval process
under NEPA.

Project Description:

The technical objective of this project is to develop a scientifically valid methodology for
predicting noise exposure levels and human responses to individual aircraft overflight events.
It will also conduct human and community response studies of different types of high-energy
impulsive noise (sonic booms, blast noise and artillery fire, as well as noise created by aircraft
overflight). The single event dosage-response model will be used to perform environmental
impact assessments of planned operations for both airbases and rural environments (i.e.,
MTRs, MOAs, weapons ranges). Planned overflights of U.S. Forest Service and National Park
Service lands will, however, be the primary focus for the application of the model being
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developed. Techniques for generating an orthographic projection of noise exposures in
complex terrain using Geographic Information System (GIS) technology will be explored.

The technical approach will build on the results of related, already completed projects and

will be technically comparable to the methodology currently in use for predicting cumulative |
community noise exposure and annoyance. The resulting computer model will be used by ‘
environmental planners as one tool for planning future operations and assessing the

environmental impacts of these planned operations on exposed populations. This proposal is

divided into two major tasks:

Task 1: Development of Single Noise Exposure and Human Response Prediction Model
Subtask 1 - Technology Assessment

(1) Acquire models, etc. used by other DoD related projects.

(2) Compare viability of alternative technical modeling approaches.

(3) Choose best modeling approach.

(4) Address noise metrics issues (SEL, Lmax, peak sound level, etc.).

Subtask 2 - Development of Prototype Single Event Noise Exposure and Human Annoyance
Prediction Model

(1) Develop prototype single event noise-annoyance prediction model.
Subtask 3 - Acquisition of Single Event Human Annoyance Data

(1) Conduct laboratory and field single event human response studies.
(2) Resolve human response metrics issues (e.g., annoyance versus detectability).

Subtask 4 - Development and Validation of Final Model
(1) Develop final model.
(2) Conduct field model validation tests including tests in low ambient noise environments.

Task 2: Annoyance Response to High-Energy Impulsive Sounds

Subtask 1 - Paper study to combine different human-response studies of impulsive noise to
derive a dose-response.

Subtask 2 - Lab study to develop a dose-response type of relationship for impulsive and non-
impulsive noise.

Subtask 3 - Lab study to compare annoyance response to different types of impulsive noise.
Subtask 4 - Field study to validate the models derived from the lab experiments by exposing

panels of human subjects in a real-life home setting to actual sonic booms and noise from
large weapons firing.
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Expected Payoff:

The Air Force will produce Environmental Impact Analysis Process (EIAP) documents that
are more scientifically and politically acceptable to Congress and the public by having a
validated noise-annoyance (impact) analysis model. This model will improve the ability to
accurately predict noise propagated under complex terrains and atmospheric conditions.
This capability will complement existing cumulative exposure noise prediction models,
particularly in the diverse rural environments where most operational training occurs.

Milestones:
FY93

Evaluate hardware and software of existing modeling approaches being explored by other
DoD organizations and agencies. Conduct literature review on attitudinal response to noise.

FY94
Conduct two lab studies, choose optimal modeling approach and develop prototype models.
FY95

Determine human annoyance response to noise exposure from individual aircraft overflight
events. Conduct field tests.

FY97

Develop final version of single event noise-annoyance model and conduct field validation
studies.

Transition Plan:

The single event noise exposure and human response model resulting from this project will
be transitioned through the Air Force Center for Environmental Excellence to the
environmental planning community either as a stand-alone model or by incorporation in the
Assessment System for Aircraft Noise (ASAN) being used for aircraft noise related impact
assessments for Military Training Routes and Military Operating Areas.

The new-dose-response relationship would be implemented in current models/assessment
methodologies used by DoD for assessing the environmental impact of high-energy
impulsive noise.

Funding: ($K)

FY93 FY94
Task 1 150 300
Task 2 200 300
Total 350 600
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Performers:

Air Force - Armstrong Laboratory (AL/OEBN)

Army Civil Engineering Research Laboratory (CECER/EN)

Research contractor (e.g., BBN Systems and Technologies, Inc.,

Wyle Laboratories)

Coordination: National Park Service Wilderness Overflight Study,

Engineering Research Laboratory, Academia (e.g.
Stanford Univ, Univ of Utah)

Technical Point of Contact:

Mr. Lawrence S. Finegold

AL/OEBN

Noise Effects Branch

Armstrong Laboratory

Area B, Bldg 441, Room 2-17
Wright-Patterson AFB, OH 45433-6573
TEL: (513) 255-3675/3605

FAX: (513) 255-2781

Mr. Robert C. McKinley
AL/OEBN

TEL: (513) 255-3664
FAX: (513) 255-2781

Dr. Paul Schomer

Army CERL

Bldg 2, Rm 259

902 Newmark Drive
Champaign, IL 61821-1076
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SERDP Trust Area: Compliance
Title: Turbulent Boundary Layer Effects on Sound Propagation

Problem Statement:

The objective of this research is to identify the key atmospheric mechanisms that influence
sound propagation into communities.

The atmospheric boundary layer is the most rapidly changing portion of the atmosphere. It
has the most important short-term influence on waves propagating above the earth’s surface.
Striations within the boundary layer contribute to ducted propagation near the surface or
form acoustic shadow zones. Predictions of the sound field at large distances (greater than 1
km) from noise sources cannot be made based on the average ambient atmospheric
properties alone; the theory must include and account for atmospheric turbulence.

Previous work has pointed to atmospheric turbulence. But we have as yet only a qualitative
description for some of these effects.

Project Description:

Scattering of waves by turbulent media has been studies thoroughly for many media; but has
not been adequately explored for sound waves outdoors. The fundamental mechanism is
still not known. Scattering of sound into shadow zones in routinely verified by experiment,
but the precise scattering mechanism has not been determined. Two strong candidates are
large-scale wind-driven turbulence or small-scale fluctuations in refractive index.

The measurements that must be made require high speed analyzers and digital signal
techniques that are very new, but widely known. The important statistics, and correlate
them with the atmospheric dynamics. The hypothesis of large-scale turbulence will be tested
by perturbing the atmospheric profiles in sound propagation calculations. The Fast Field
Program, modified for use with piece-wise linear sound speed profiles, will be used to
examine the sound levels due to refraction alone. The parabolic equation method will be
used to study the field due to small-scale, range-dependent turbulence. For both types of
propagation simulations, further predictions of the longitudinal and transverse spatial and
temporal coherence will be made and compared with new experimental measurements.

Expected Payoffs:

Results from this study will be used in computer programs for predicting noise levels and in
constructing noise contours. These programs, NOISEMAP and BNOISE, are used by the
Army Environmental Hygiene Agency to map noise contours for army installations. Other
agencies are in need of this information; for example, the results should yield many
important applications in environmental noise prediction, acoustic surveillance and detection,
particularly in the tank and helicopter detection and countermeasures. Specifically, the Navy
is concerned about noise from naval air stations and firing ranges like Bloodsworth Island in
the Chesapeake Bay and Kohoolawe Island in the Hawaiian Islands because of the unique
aspects of sound propagation over water. This is important United States research input to
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NATO/CCMS.
Milestones:

Use perturbations of measured profiles with the FFP
Study short range, range dependent media with the PE
Develop boundary conditions for waves in random media
Model and measure spatial and temporal coherence
Extend coherence predictions to level fluctuation model

Funding: ($K)

FY93 FY%4
175 225

Technical Point of Contact:

- CECER-EAC/M. White
2902 Newmark Drive

P.O. Box 9005

Champaign, IL 61826-9005
TEL: (217) 352-6511

FAX: (217) 373-7251
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SERDP Thrust Area: Compliance
Title: Small Arms Range Noise Mitigation Technology Demonstration

Problem Statement:

The goal of this project is to demonstrate, and disseminate knowledge of, recently developed
advances in cost effective strategies and techniques for reducing community noise
disturbance due to the firing of rifles, shotguns and pistols at small arms ranges.

Because of noise, the DoD has lost significant mission capability at over 50 installations. A
very large number of small arms ranges are under increasing pressure to reduce noise output
or cease operation, a result of increasing population encroachment and increasing public
concern with environmental quality. Small arms (rifles, pistols and shotguns) are fired
extensively at ranges for purposes of military and law enforcement training and for
recreational and competitive shooting. The noise of such firing can disturb people living in
the surrounding community, which can lead to noise complaints and attempts to curtail the
firing activity, including political (including congressional) pressure and legal action. Loss of
such ranges severely compromises the capability of military and law enforcement
organizations to carry out their mission. The recently developed small arms range noise
mitigation guidance needs to be conclusively demonstrated in a realistic operational range
scenario.

USACERL has carried out a series of exploratory development projects aimed toward
mitigation of small arms noise. Accomplishments have included evaluation of and
development and testing of design algorithms for: interlane noise shields; noise barrier walls
for the rear and sides of ranges; firing sheds (roofed partial enclosures of the firing line);
analysis of a very costly German coffered ceiling range design; the detailed effect of ground
absorption, ground reflection and atmospheric absorption on small arms noise; and
utilization of existing terrain features. Basic research investigations of propagation and
terrain effects have also contributed to small arms mitigation techniques. A Navy study of
far field noise contours and acoustic directivity of guns provides considerable information
regarding guns as acoustic sources.

Project Description:

The technical objective of this project is to demonstrate that recently developed noise
mitigation techniques can reduce small arms range noise by at least 10 dB. This is a
significant noise reduction that amounts to a halving of subjective noise annoyance. This can
easily result in reclassification of the range noise impact into the next lower ICUZ/AICUZ
land use compatibility category. The approach will be to upgrade an existing small arms
range to achieve lower community noise levels. Upgrades may include designing and
constructing some combination of interlane shields, noise barrier walls, and utilization of
existing terrain.

Tasks for this project include:

Choose candidate sites Feb-May93

111




Analyze each site, choose optimum demo site May-Jun93

Range noise mitigation acoustical design Jun-Sep93
Structural design and construction contrast Sep93-Jun94
Construction Jun94-Feb95
Test and evaluate Feb95-Jun9s
Prepare design guide for users Jun95-Sep95

Lack of demonstrated noise mitigation technology greatly hinders execution of the
AICUZ/ICUZ noise management process and the EA/EIS process. The DoD cannot fulfil its
noise compatibility planning process as required for example by AR 200-1 Chapter 7 when it
lacks the demonstrated methodology to design small arms ranges to comply with land use
compatibility noise zones. The DoD fails to comply with NEPA when it ignores proper
assessment and mitigation of noise from small arms ranges. The DoD is not in compliance
with noise laws and regulations in many states.

This project is part of the EQ Reliance Strategy Plan. There is no other past or planned
project for demonstration of inexpensive small arms range noise mitigation techniques.

The technical risk of unsuccessful demonstration of the stated noise reduction objective is
small. The greater risk is that the noise mitigation techniques will not be used if they have
not been demonstrated to be effective in realistic scenarios. This can result in loss of training
capability and operational effectiveness which could otherwise have been retained.

Expected Payoff;

This technology is immediately applicable by, and is needed by, all of the elements of the
DoD, since all of them carry out small arms training and practice programs. These include
the Army, Navy, Air Force, Coast Guard, USMC, and National Guard and Reserve units.

The technology is of special OCONUS utility since crowded conditions and limited real estate
often dictate that small arms ranges be located close to dwellings. The technology will also
have wide applicability to law enforcement and private and municipal recreational small
arms ranges, which are often located in noise sensitive settings.

Incorporation of noise reduction techniques in the design of a small arms range, either during
original design (the best option) or as retrofit, is very cost-effective. The cost of noise
reduction can add tens to hundreds of thousands of dollars to the cost of a range, depending
on size, design and state of repair. The alternative is often relocating the range, which is
almost always much more expensive, usually measured in millions of dollars. Another
benefit/cost issue is avoidance of costs associated with encroachment and compatible land
use. The Navy has spent over $500 M in land purchases through the AICUZ program
because of encroachment. A conservative estimate of off-post noise sensitive encroachment
growth is 3 acres per day, DoD wide in Zone II and 0.03 acres per day in Zone III.
Conservative estimates of noise-related property devaluation because of noise is 10 % in Zone
Il and 50 % in Zone III. Noise sensitive property (e.g. new housing) is valued at $500 K per
acre, so the future cost is on the order of $157 K per day {10% of [3 x 500 K] plus 50% of [.03
x 500 K]). A cost of $157 K per day has a present value of about $ 750 M at a 7.5% interest
rate. Proven noise mitigation techniques are needed to avoid these costs. Additional benefit
will accrue because of maintained mission capability.
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Milestones:

Choose candidate sites May93
Choose optimum demo site Jun93
Complete acoustical design of noise mitigation measures Sep93
Structural design and construction contract awarded Jun94
Structural design and construction completed Feb95
Test and evaluation completed Jun95
Design Guide Sep95

Transition Plan:

This project will require coordination with the Army, Navy, Air Force, Coast Guard, USMC,
National Guard and Reserve units, and law enforcement agencies. Close liaison will be
maintained with the Army Environmental Hygiene Agency, which is the technology transfer
agent for noise mitigation technology for the Army and deals with a wide range of users of
noise mitigation technology.

Funding: ($K)

FY93

100
Choose candidate sites 20K FY93
Analyze each site, choose optimum demo site 30K FY93
Range noise mitigation acoustical design 50K FY93
Structural design and construction contract (USACE) 375K FY9%
Test and evaluate 50K FY95
Prepare design guide for users _ 100K FY95
Performers:

The project will be carried out by the U.S. Army Construction Engineering Research
Laboratory, Champaign, IL, with assistance in construction of needed facilities by the U.S.
Army Corps of Engineers. No industry involvement or cooperative development agreements
are anticipated.

Technical Point of Contact:

Dr. Larry L. Pater
Environmental Acoustics Team
USACERL

Champaign, IL 61826

TEL: (217) 352-6511 x 375

FAX: (217) 373-7251
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SERDP Thrust Area: Compliance
Title: Contaminant Dispersal Model for San Diego Bay
Problem Statement:

The goal of this proposal is to incorporate a contaminant dispersal and fate model into an
ongoing environmental risk assessment of Navy contaminants in San Diego Bay, CA. This
effort can serve as a prototype for other Navy harbors.

The Navy evaluates the environmental impact of past, current, and proposed operations in
order to conform to federal, state, and local law., Environmental risk assessment is the
favored approach for detailed studies. Models of contaminant dispersal, in addition to
measurements of contaminant release and toxicity, are central to assessing contaminant
impact to the environment. Models predict expected concentrations and fate of
contaminants, allow for better sampling design to validate predictions, and can be used to
predict effects of proposed or alternative operations.

The Environmental Sciences Division at NRaD has begun a three to four year environmental
risk assessment [fuel oils (primarily aromatic hydrocarbons), copper and other contaminants]
released by the Navy into San Diego Bay. The purpose of the assessment is to determine
both the absolute impact of Navy releases, as well as the relative impact compared to other,
non-Navy sources. These prog.ams are funded by the Naval Fdcilities Engineering
Command and Naval Sea Systems Command with related projects funded by NAVSEA and
OCNR. We propose to augment this program with a new modeling approach and computer
visualization which are beyond our current capabilities and budget. This enhancement will
provide significantly more power to the predictive capabilities of existing models.

Project Description:

The Environmental Protection Agency has been the chief author of contaminant disposal and
fate models for the past two decades. An EPA hydrodynamic model DYNHYD has been
tailored to the bathymetry of San Diego Bay and efforts are currently underway to validate
predictions with field data. DYNHYD is quasi, two-dimensional model with low spatial
resolution (140 node). To supplement DYNHYD, Dr. R. Cheng at the U.S. Geological Survey
in Menlo Park is assisting in the application of a high resolution (130,000 node), finite
difference model to San Diego Bay. Previous and current work also includes mapping the
distribution and flux rates of aromatic hydrocarbons and free ionic copper in the water
column and sediments from our survey craft. In addition, we have completed installation of
a bioassay laboratory in which to test contaminant toxicity on common and EPA-standard
marine organisms. Some of this work is the result of ongoing, Navy-funded projects.

We propose to develop a modeling framework that includes water, sediment bed evolution,
and contaminant transport and fate in San Diego Bay. The models will be developed by the
Army Corps of Engineers Waterways Experimental Station (WES) and incorporated into the
risk assessment program. The WES model uses a different computational approach, the
accuracy of which we can compare to the EPA’s and Cheng’s model; it has two and three
dimensional capabilities and flexible grid resolution, and will be able to predict the
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partitioning and degradation of contaminants. Field data and model results will be expressed
simply and graphically.

- The WES models will be developed, calibrated, and verified at the Army laboratory in
Vicksburg, MS. Hydrodynamic validation in San Diego Bay will be made with an acoustic
doppler current meter mounted on our survey craft, which provides real-time current data.
Contaminant predictions will be validated by real time hydrocarbon and copper sensors on
the same vessel, and from discrete samples taken for laboratory analysis.

This proposal supports Global Marine Compliance objectives to develop cost effective
monitoring/risk assessment approaches for prediction of environmental impact of shipboard
and related systems. It further enhances our ability to conduct environmental risk
assessments by providing powerful, predictive models of contaminant dispersal and fate.
From such data, we can define the biological impact of past, present and proposed Navy
operations in San Diego Bay.

Much of the data being collected in San Diego Bay, to be used in this study, come from
projects previously funded by the Navy. These include examination of the impact of
underwater hull cleaning, fuel spills, storm water runoff around Navy installations, and
development of novel bioassays. We are coordinating our proposed work and data collection
with NOAA, which plans to make an EMAP-type toxicity and sediment chemistry survey of
San Diego Bay, and with California’s Fish and Game Department and California State
University at Long Beach, which are designing in situ mussel toxicity studies. The work we
propose in cooperation with WES is consonant with their interests in expanding the use and
validation of contaminant models.

The Tasks for accomplishing this projects successfully are outlined below:

1. Data acquisition: The Navy will provide data for boundary model conditions, initial
conditions, calibration and verification. In addition to data collected under other Navy and
NOAA programs, the modeling effort will require collection of site-specific sediment
characterization data.

2. Hydrodynamic model: Development of the three dimensional hydrodynamic model of San
Diego Bay will include all major forcings, such as tide, wind, and density effects that impact
the three-dimensional circulation. Important processes, such as vertical turbulence mixing,
wind driven circulation, and spring-neap tidal effects will be considered. Linkage with the
sediment model will require modification of an existing numerical model. Extensive testing of
numerical grids with varying resolution will be required to ensure proper linkage. Validation
of the hydrodynamic model will be accomplished using Navy Acoustic current meter and
tidal height data covering a wide range of commonly occurring events. Production runs of up
to five years will be made to provide flow fields for the long-term simulations with sediment
transport and contaminant models.

3. Sediment transport model: Suspended and bedload transport will be modeled over a grid
which can be either two or three dimensional. An unlimited number of sediment size
fractions will be treated. Sediment calculations will be coupled to hydrodynamic calculations
allowing feedback between the flow field, bed evolution, and bed-surface size distribution.

115




The model will first be developed for coarse-grained, cohesion-less sediments (silts, sands,
and gravels), then demonstrated on a bend of the Mississippi River. Cohesive sediment
fractions will then be added allowing for winnowing/armoring of fine-grained sediment,
binding of coarse-grained sediments by cohesives, and variable erodibility as conditions
dictate.

4. Contaminant transport model: The technical approach will involve four steps:
development, interfacing/adaption, calibration, and validation of the contaminant transport
and fate model. Contaminant modeling modules will be incorporated into CE-QUAL-ICM
(the Corps of Engineers three-dimensional water quality model) resulting in a state-of-the-art
and contaminant model. The contaminant model will be interfaced to the existing CE-QUAL-
ICM water quality model. This model system will then be interfaced to the selected three-
dimensional hydrodynamic model, which must include sediment transport. The sediment
transport model is required to provide the proper information for suspended solids
dynamics, which play a major role in contaminant transport. The modelling system will be
calibrated and validated against water quality and contaminant data collected in San Diego
Bay. The model must be capable of making reasonable predictions of contaminant
concentrations over the past decade.

5. Visualization: Visualization tools developed at WES will be adapted to the San Diego Bay
application. These tools will be made available to Nrad for incorporation into a user-friendly
environmental modeling and visualization package. This package will serve as a prototype
for other Navy harbors and estuaries.

This modeling effort will require two phases of model development: (1) an interface between
the sediment transport model and the contaminant transport model, and (2) a model for
contaminant transport and fate. The sediment bed and transport submodel which calculates
sediment concentration in the water column, contaminant concentrations in the bed, and
sediment entrainment and deposition at the bottom is essential to describe contaminant
transport. Contaminants are normally attached to fine grain sediments and thus the sediment
bed is the major long term source/sink of contaminants in a water body. Sediment
resuspension by propeller wash and subsequent transport by currents regularly occurs and
must be addressed. One of the difficult issues is the construction and validation of model
contaminant partitioning. We have several factors in our favor, however, which cake this
feasible:

(1) The contaminant sources are well defined, easy to reach, and have been measured
extensively in the past by NRaD surveys.

(2) From a hydrodynamic point of view, San Diego Bay is an ideal test ground for the model
in that it has only one entrance, has little fresh water input, is unstratified, and is small
enough to map with our survey craft.

(3) Our survey craft has extensive measurement capability. Since many pertinent
measurements can be made continuously and displayed in real time it is well suited to
testing model results. Our sampling position is determined with differential satellite GPS
data, allowing easy replication. We have proficiency and the necessary analysis equipment to
measure low aromatic and metal concentrations in discrete samples. '
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Expected Payoff:

On completion, we plan to make the San Diego Bay model generally available to other users.
Several Navy Facilities on San Diego Bay will benefit from risk assessment studies in general
and modeling in particular. These facilities often undertake construction or dredging projects,
which require study of likely environmental consequences under the National Environmental
Policy Act NEPA, CWA or RCRA). Model predictions could play a key role in such
assessments. It is possible that several San Diego naval facilities will be placed on the
National Priorities List (Superfund)..A developed model could be incorporated directly into
the remedial investigation/feasibility study (RI/FS) process, saving time and money. Other
potential users include the San Diego Sewage Treatment Plant which is particularly interested
in the remedial effects of construction to improve existing treatment facilities, the San Diego
Port Authority, and Regional Water Quality Control Board.

Model predictions of contaminant dispersal allows: determination of the absolute and relative
impacts of multiple contaminant sources; anticipate environmental impact of proposed
activities; more efficiently designed sample plans.

Milestones:

Projected accomplishments in first year:

a. completion of the WES hydrodynamic model and start of the contaminant transport code.
b. validation and accuracy comparison of WES an Cheng’s hydrodynamic models

c. measurement of water and sediment concentrations of aromatic hydrocarbons and copper
in the vicinity of the Naval Station

d. measurement of input rates of aromatic hydrocarbons (from fueling spills, storm water
runoff, floating oil/water separators, creosote-soaked pier pilings, sediment), and input rates
of copper (from storm water runoff, Navy in-water hull cleaning, sediment)

Milestones over project lifetime:
FY93 FY94 FY9 FY9%
1. Hydrodynamic validation and comparisons S---me-C
2. Sediment transport development and S C
validation
3. Develop hydrodynamic/water quality/ e &
sediment model interface
4. Contaminant transport development/ S C
validation
5. Visualization S—-C
6. Technology transfer and training S5---T

~ Transition Plan:

Two basic products should come out of this project. The first is an environmental risk
assessment of aromatic hydrocarbons and copper entering San Diego Bay in the vicinity of
the Naval Station as a result of Navy activities. These contaminants and this site was chosen
after consultation with staff at the South West Engineering Field Division, and represents one
of the larger Naval environmental problems in San Diego Bay. The second product is a
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contaminant dispersal and fate model that has much broader applicability to a larger
audience. The primary users will probably be Naval facilities and as the model develops, the
"front end" will be tailored to the needs of these and other potential users.

Funding: ($K)

FY93 FY94
NCCOSC 290 260
ACOE/WES 400 475
TOTAL 690 735

Performers:

US Navy: Naval Command Control and Ocean Surveillance Center RDT&E Division
US Army Corp of Engineers: Waterways Experimental Station
US Geologic Survey: Water Resources Division

Technical Point of Contact:

Kenneth Richter

NCCOSC RD&E Division, Code 522
San Diego, CA 92152

TEL: (619) 553-2780

FAX: (619) 553-6305
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SERDP Thrust Area: Compliance
Title: Portland-Cement Concrete Liners and Tanks for Isolating Hazardous Wastes
Problem Statement:

The technical goal is to prevent or minimize transport of contaminants out of isolation
structures. Many U.S. state and federal agencies now manage sites and materials
contaminated by fuels, solvents, radiation, or other chemically toxic substances. One popular
approach to remediation and isolation is placement of the contaminated solid or liquid in.
specially built containment structures. These must be designed with multiple low-
permeability barriers or liners to prevent or minimize ingress of groundwater or outward
transport of contaminants. Materials used for liners have included plastic membranes, clays,
grouts, etc. In addition to having low permeability, structures and liners also must be
durable and, therefore, must be resistant to chemical attack from the toxic substances specific
to each site. Portland-cement concrete, which is often used as the outer structural layer of
such multiple-barrier systems, can be specially formulated to have low permeability and
resist chemical attack. Thus, it offers high potential for use as a liner as well as a structural

- material for waste isolation. This is a new project.

Project Description:

Related studies being conducted at the Waterways Experiment Station involve development
of special-purpose cement grouts and concretes for physical and chemical isolation of
radioactive and mixed wastes, coordinated with three DOE sites and two U.S. National
Laboratories. The WES also is completing extensive research on the relationship between
permeability and other concrete durability properties and is evaluating proprietary products
designed to enhance durability and permeability of concretes (under the CPAR Program).

The objective of the project proposed herein is to develop criteria for formulation and
guidance for use of portland-cement concrete mixtures as containment structures and liners.
The technical approach is to conduct a laboratory study to formulate candidate concretes
with potential to perform well in difficult service environments and to develop therefrom
mixture proportioning and performance criteria and user guidance.

This project is compatible with The Tri-Service S&T Reliance Program Pillar 2, Compliance,
Sub thrust 2.L.5: Treatment/Disposal of Operating Installation Hazardous Wastes.

Specific tasks are: (1) define performance requirements in terms of permeability, strength,
modulus, chemical resistance, etc.; (2) formulate candidate cement-based mixtures with
enhanced properties to meet site requirements; and (3) develop performance criteria (e.g.,
establish what permeability is good enough) and user guidance.

The most pressing technical issue to be overcome is the negative attitude toward use of
concrete and cement in waste isolation, given some recent examples of failures of these
technologies at DOE sites where the materials used had not been tailored to the demands of
the wastes and the service environment.
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Expected Payoff:

This technology may be used in the public and private sector alike, by various offices of the
DOE, the EPA, their operating contractors, and state environmental departments. It will
provide improved, predictable service of conventional and cost-effective materials capability
for waste isolation.

Milestones:

Milestone 1 Define Performance Requirements 4Q FY 93
Milestone 2 Conduct Laboratory Study 3Q FY 94
Milestone 3 Develop Design Criteria and User Guidance 2Q FY 95

Transition Plan:

As candidate demonstration projects are identified and funding is made available, this
technology will be transitioned to field application. We anticipate that demonstration
projects can be conducted in FY95, FY96, and FY97. This technology can easily be transferred
to industry use.

Funding: ($K)

FY93 FY94
90 160
Performers:

The primary performer will be the US Army Engineer Waterways Experiment Station. It is
possible that future demonstration projects can be performed under Cooperative Research
and Development Agreements (CRDA).

Technical Point of Contact:

Dr. Lillian D. Wakeley

Concrete Technology Division (CEWES-5C-A)

U. S. Army Engineer Waterways Experiment Station
3909 Halls Ferry Road

Vicksburg, MS 39180-6199

TEL: (601) 634-3215

FAX: (601) 634-3242
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SERDP Thrust Area: Compliance

Title: Capacitive Deionization as a Means of Eliminating Secondary Wastes Associated with
Conventional Ion Exchange

Problem Statement:

We propose the development of capacitive deionization as an efficient process for the
removal of ionic contaminants from aqueous streams. In this novel process, ions are retained
in electric double layers formed at the surfaces of two porous electrodes of opposite polarity.
If this process is successful, capacitive deionization will probably replace many existing ion
exchange processes, thereby eliminating the associated secondary waste. Such technology
could be used to treat various aqueous streams, including waste water, drinking water, boiler
water for power plants, and process water for semiconductor manufacturing. Deionization of
boiler water is used as a means of preventing fouling and corrosion of heat transfer surfaces.
It may even be possible to use capacitive deionization for the energy-efficient desalination of
sea water.

Ion exchange is used as a means of removing anions and cations (heavy metals and
radioisotopes) from process and waste water throughout the U.S. Department of Energy
complex. Such processes generate large volumes of corrosive secondary waste that must be
treated. Wastes include used anion and cation exchange resins, as well as contaminated
acids and bases. Secondary waste streams due to regeneration of ion exchangers will be
eliminated by capacitive deionization. It may also be possible to reduce the amount of HNO,
needed for regeneration of cation columns used in processing special nuclear materials.
During plutonium processing, resins and solutions of HNO, become contaminated with
PuQO,"* and other radioisotopes. Given the high cost of disposal in mined geological
repositories, there is tremendous incentive for reducing the volume of waste that must be
dealt with.

Project Description:

In essence, a series of flow-through supercapacitors will be used to remove cations and
anions from water. The construction and operation of the device is relatively simple. Two
porous electrodes fabricated from carbon aerogel with high specific surface area will be
placed in a dielectric vessel and separated by either a cation exchange membrane or a
microporous dielectric sheet. Ions will be forced to move to the surfaces of electrodes by an
imposed electric field. Cations will concentrate in the electric double layer formed at the
surface of cathode, while anions will be concentrate at the surface of anode.

In this case, protons will migrate through the membrane to balance the anodic charge
associated with CI" anions, thereby forming HCL. The presence of H* in the cathode
compartment may reduce the overall removal efficiency of other cations such as Na*. A
microporous dielectric membrane would allow diffusion of both cations and anions and
would not allow the formation of HCL in the cathode compartment. Separators that allow
bipolar transport may be more desirable than the cation exchange membrane.

In addition to process demonstration, development would include the development of

computers models that can be used for computational analyses and engineering of large-scale
systems. Computer simulations will also be used for parametric optimization. Parameters
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that will be determined for a specified separation include: (1) electrode porosity and
thickness; (2) separator porosity and thickness; (3) superficial fluid velocity; (3) charging
voltage; and (4) number of electrodes (stages). The theory for porous-electrode flow-through
capacitors was developed by Prof. John Newman of U.C. Berkeley []. Electrochem. Soc. Vol.
118, No. 3, 1971, pp. 510-517.].

The effluent from a single capacitive deionizer will be monitored with an on-line conductivity
probe, as well as various ion-selective electrodes, and recorded with a strip-chart recorder.
An array of sensors can be used to determine selectivities of porous electrodes for various
anions and cations in multicomponent electrolytes. Measured effluent concentrations will be
compared to predictions for model validation. Practical removal efficiencies will be
determined.

Capacitive deionization is a novel and innovative alternative to ion exchange. The electrode
material and proposed mode of operation are entirely new. Carbon aerogels have much
higher specific surface areas (600-900 m*/gm) than conventional carbon-paste electrodes or
activated carbon powders (200-300 m?/gm). By using carbon aerogel as the electrode
material instead of carbon paste or powder, the capacity of the deionizer will be increased
dramatically (3X). Note that carbon aerogel was developed by Lawrence Livermore National
Laboratory (LLNL) and is a "spin-off" of the Strategic Defense Initiative (SDI) Program [R.W.
Pekala et al., ]. Non-Crystalline Solids, Vol. 145, 1992, pp. 90-98]. Ultimately, the system will
consist of two carbon aerogel supercapacitors in parallel (next project year). One capacitor
will be regenerated (discharged) while the other purifies (charges). This mode of operation
will be called potential-swing ion adsorption and is analogous to pressure-swing gas
absorption.

Expected Payoff:

This new environmental technology will be of value to the private sector. For example, a
capacitive deionizer could be used to produce deionized water for use in the boilers of fossil-
fueled and nuclear power plants. In the future, it may be possible to use such novel
technology for the energy-efficient desalination of water for dry, heavily-populated areas like
California. We believe that a bed filled with 2L of carbon aerogel may be able to reduce the
NaCl concentration in 55L of water from 1000 ppm to approximately 1 ppm with an energy
expenditure of less than 40 Whr. This assumes a polarization of 1.2 V and a surface charge
density of 15 microC/cm? Deionized water, free of dissolved organic resin, could also be
used for the manufacture of "next-generation" semiconductors (nanoelectronics). Nano-
electronics will be far less tolerant of impurities than microelectronics.

Milestones:

First Year Activity/Program Plan:

1st Quarter: a) Development of computational model. b) Design of proof-of-principle
capacitive deionization system for batch processing. c) Procurement of vessels, valves,
pumps, power supplies, conductivity monitors, ion selective electrodes, and strip-chart
recorders. d) Preparation of large quantity of carbon aerogel with high specific surface area.
2nd Quarter: a) Construction of proof-of-principle capacitive deionization system. b) Testing

of fluid-flow systems. c) Testing of electrical and electronic systems.
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3rd Quarter: a) Measurement of double layer capacitance of carbon aerogel electrodes in
various electrolytes at various potentials. b) Measurement of surface charge density of
carbon aerogel electrodes in various electrolytes at various potentials.

4th Quarter: a) Measurement of efficiencies for removing simple non-toxic ions from
symmetric (z:z) electrolytes. b) Verification and further development of theoretical model. c)
Documentation of project.

Second Year Activity/Program Plan:

1st Quarter: a) Design of pilot-scale capacitive deionization system for continuous operation.
b) Procurement of additional vessels, valves, pumps, power supplies, conductivity monitors,
ion selective electrodes, as well as equipment for computer control. c) Preparation of
additional carbon aerogel.

2nd Quarter: a) Construction of pilot-scale capacitive deionization system for continuous
operation. b)Testing of fluid-flow systems. c) Testing of electrical and control systems.

3rd Quarter: a) Measurement of efficiencies for removing simple non-toxic ions from
symmetric electrolytes. b) Demonstration of system with streams of practical importance.

4th Quarter: a) Documentation of project. b) Investigate deployment within DOE and
Department of Defense (DoD) facilities. c) Lay work for technology transfer into the private
sector.

Transition Plan:

The theory for flow-through porous-electrode electrolytic capacitors was developed and
published by Prof. John Newman of U.C. Berkeley over 20 years ago (J. electrochem. Soc.,
1970]. Little or no work has been done in this area since that time. Carbon aerogels with
very high surface areas were developed by R.W. Pekala and coworkers at LLNL [J. Non-
Crystalline Solids, Vol. 145, 1992, pp. 90-88.]. Dr. S. T. Mayer has developed electrolytic
supercapacitors that have carbon aerogel electrodes (aerocapacitors). These new energy
storage devices have energy densities of 4-25 Whr/kg, power densities of 0.1-10 kW/kg, and
cycle lives greater than 100,000. These and other researchers will be consulted.

Funding: ($K)

FY93 FY9%4
Labor 600 923
Supplies/overhead 195 326
Total: 795 1,249

Technical Point of Contact:

Joseph C. Farmer, Ph.D.

University of California, Building 235, Room 1059
Lawrence Livermore National Laboratory

7000 East Avenue

Livermore, CA 94551

TEL: (510) 423-6571 FAX: (510) 422-6892
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SERDP Thrust Area: Compliance
Title: Glassy Materials Modeling for Hazardous Waste Immobilization
Problem Statement:

The objective of this work is to develop and design vitrification and leaching models for glass
materials to be used effectively for immobilization of heavy metal hazardous substances such
as lead in paint through in situ vitrification.

Heavy metal hazardous waste residues have been effectively encapsulated in the matrix of
glassy materials. The use of a stable glass ceramic class of materials to vitrify, in situ, these
residues is currently under investigation. Currently, the actual mechanism by which these
materials mitigate hazardous waste has not yet been determined. Preliminary experiments
have been used to determine that bonds within the glass network may break, providing
bonding sites within this network for the hazardous cations. Similarly the cations may
become part of the lattice structure by randomly occupying interstitial and/or defect sites.

Project Description:

The tetrahedra structure, bond angles, and ionic field strengths of the glass forming and glass
modifying oxides will be investigated. One application process, which is under investigation,
is to thermally spray a molten glass compound directly onto a lead containing substrate.

This has shown the potential to effectively contain the hazardous waste residues. Tests
which determine the cation leaching rates, the effect of pH, and the effect of water will be
performed on the resultant material to ascertain whether it can be safely disposed of in a
landfill. The mechanism by which these waste materials become immobilized will be
investigated. This approach will involve the preparation of vitrified materials containing
heavy metal hazardous waste and determining through characterization techniques such as
X-ray diffraction (XRD), X-ray Spectrometry (XRS), Scanning Electron Microscope (SEM), how
the hazardous waste is incorporated within the glass structure and immobilized. The
mechanisms of the vitrification and ion leaching processes will be modeled to optimize
hazardous waste neutralization by in situ vitrification.

Expected Payoff:

These include eliminating the environmental and health risks associated with lead and other
hazardous wastes. ‘

Milestones:

Prepare Vitrified Materials FY93
Lab Study of Varied Processing Parameters FY9%4
Investigate Microstructure through Characterization FY95
Development of Effective Glassy Materials Modeling FY95
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Funding: ($K)

Funding is $810K for Lead-Based Paint Abatement research on wood and steel substrates.

FY93 FY94
150 250
Performers:

University of Illinois is conducting work on glass formation; W.H. Dumbaugh Corning Glass
works, NY; J.H. Selverian GTE Laboratories, MA.

Technical Point of Contact:

Dr. Ashok Kumar

US Army Construction Engineering Research Laboratory
P.O. Box 9005

Champaign, IL 61826

TEL: (217) 352-6511

FAX: (217) 373-7251
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SERDP Thrust Area: Compliance

Title: Waste Tank Remediation: Analysis and Waste Form Development: LASER
ABLATION-LASER IONIZATION CHARACTERIZATION OF SOLIDS

Problem Statement:

The Department of Energy is currently attempting to come to a consensus on the directions
to be taken in the enormous task of remediating defense wastes and environmental insults
which have occurred over 50 years of weapons production. It is abundantly clear that the
technology needed to process and store highly radioactive waste and to remediate
contaminated zones does not currently exist. It is also clear that the decision to process
DOE’s high-level wastes into glass and grout have many technical uncertainties, among
which include a general lack of knowledge of the long-term stability and acceptability of
these waste forms, the processibility of the tank waste contents, and a consensus on tolerable
composition ranges for these wastes.

A major impediment to the development of optimum waste treatment technologies has been
inadequate characterization of waste streams. Current characterization, involving hot-cell
work on samples removed from tanks, is often both expensive and incomplete. For example,
a single analysis of solutions from a waste tank can cost over $IM. While providing average
elemental compositions, the analyses do not identify what chemical compounds, solid phases,
or complex species are present. The analyses often fail to detect key species such as TcO*.
New analytical techniques and technologies need to be developed, both for more complete
and efficient analysis of samples removed from tanks, and for in sifu analyses using chemical
sensors.

The remediation of Hanford-site defense waste and the long-term disposal of high-level
mixed wastes requires chemical analysis of the waste streams. Mixed waste analysis is
needed to characterize the chemical classes and concentrations of a wide variety of waste
materials. Tank and crib waste sites contain enormous distributions of organic compounds;
aromatics, nitrates, chealating agents, halogenated hydrocarbons, and inorganic compounds;
chromates, ferrocyanides, metals, and TRU’s. The speciation and concentration of these
materials must be determined in order to design effective remediation strategies.
Additionally, the high concentrations of radioactive waste materials, in tanks and cribs,
provide an energetic driving force that continuously transforms mixed waste in complex
kinetic pathways. A basic understanding of the chemical nature and kinetics of mixed
wastes must be obtained prior to initiating safe and effective treatment. We propose to
develop widely applicable mass spectrometry techniques for rapid analysis of mixed chemical
wastes. Initial research will develop laser based analysis techniques, the principles of which
may be extended to field apparatus.

Technetium-99 has been identified as significant ground water contaminant at a number of
locations on the Hanford Site. Because of its long half-life (214,000 years), high fission yield,
and high rate of mobility in the subsurface, Technetium-99 is considered a hazardous
radioisotope waste. Furthermore, Technetium-99 can be used as a critical path isotope for
performance assessment of nuclear waste isolation barriers such as the grout vaults in use at
Hanford. Because Tc-99 is a long-lived pure B-emitter, routinely available
radiochemical-counting methods do not provide adequate sensitivity for use of Tc-99 as a
performance assessment tool. However, the long half-life of Tc-99 does make it an ideal case
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for high-sensitivity detection by laser resonance ionization methods, which are responsive to
the quantity of atoms present rather than the radioactive decay rate. Pioneering work
conducted at Johannes Gutenberg Universitidt Mainz in Germany has demonstrated that
multiple-resonance laser induced ionization techniques can be successfully applied to the
measurement of Tc-99 in environmental samples. Improvements on this methodology,
utilizing newly available, continuous-wave solid state lasers are expected to ultimately result
~ in a field-portable, routine analytical technology capable of rapid, accurate and sensitive
measurements.

Project Description:
The major objectives of this research are:

1. To develop general and sensitive techniques for determining the molecular speciation of
organics and inorganics in tank wastes and chemisorbed on mineral soil substrates. These
methods must be sensitive to a broad spectrum of compounds to detect the many species
present in mixed waste environments.

2. To develop new methods for the detection of Technetium. Technetium is difficult to
detect with standard counting methods because it is a pure B-emitter. Development of
multiphoton-ionization techniques is required to satisfy the critical need for sensitive and
rapid detection of Tc-99.

Laser-based analysis techniques are proposed to achieve these objectives, primarily laser
ablation mass spectroscopy (LAMS) and resonance enhanced multiple photon ionization
(REMPI). Laser ablation can provide gas phase particles from solid samples for analysis by
mass spectrometry, laser-induced fluorescence, and other techniques. Analysis of the
resulting emissions can be performed rapidly and requires very little sample material. This is
highly desirable in the analysis of nany environmental samples and hazardous wastes. The
LAMS approach couples efficient sample vaporization with ultrasensitive mass spectrometry.
Laser ablation can vaporize nearly any solid refractory material in pulsed plumes of sufficient
concentration for detailed mass analysis of even complex multicomponent mixtures. When
the concentrated laser ablation pulses are combined with multiphoton ionization time-of-
flight mass spectroscopy, the result is a versatile and sensitive analysis technique of very
high mass resolution. The excellent mass resolution provides superb differentiation between
compounds of similar masses and between isotopes. In addition, the resonant ionization
process can provide excellent spectral resolution which extends and compliments the mass
resolution. These features are crucial for the successful speciation of complex waste samples.

The advantages of the LAMS approach include: small sample requirements, minimum
sample preprocessing, minimum waste generation, and reliable technology. However,
several uncertainties are introduced by the ablation process. For instance, it is not clear how
well the composition of the ablated (gaseous) products reflects the sample composition; some
sample components can be preferentially ablated. Changes in the chemical state (e.g.,
changes in the oxidation state of metals) in the solid and gas phase are also potential
problems. We propose to use several concurrent approaches to determine in more detail the
mechanisms and consequences of laser ablation on model samples of simulated waste
materials, and on relevant wide band gap inorganic materials, with and without chemisorbed
species. Of particular importance are the effects of the ablation process, the defect-mediated
coupling of light into the solid, the mechanism of particle emission, and particle interactions
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after emission but prior to the actual analysis.

The analysis of organic species chemisorbed on mineral substrates is an extremely important
application of laser analysis techniques due to the need to detect toxic wastes contained in
soils. Many organic molecules absorb strongly in the UV (e.g., trimethylamine, benzene,
naphthalene, toluene, phenol, and methyl benzoate) and may prove especially amenable to
laser techniques. A thorough understanding of the mechanisms of desorption and ionization
of such molecules on macroscopic single crystals of MgO, quartz, and CaCO, (which are all
transparent down to 200-250 nm) will greatly aid analysis. We will study both neutral and
ionic species desorbed from these surfaces, their kinetic energies, and possible electronic
excitations (gas phase luminescence studies) as a function of laser fluence and wavelength.

Technetium-99 measurement systems to be addressed by this project will expand upon
existing expertise and technology that has been developed at Pacific Northwest laboratory
(PNL). Resonance enhanced multiphoton ionization, coupled with mass spectrometry, has
been shown to be an extremely sensitive and selective approach to the analysis of rare
isotopes. This work at PNL has emphasized the use of high-resolution continuous-wave
lasers to simultaneously maximize isotopic selectivity and absolute sensitivity, and has
demonstrated detection limits in the attogram (107 g) range and the ability to detect a target
isotope in the presence of a 10'° or greater excess of other isotopes of the same element.
Applying these methods to the measurement of Tc-99 will initially involve offsite assignment
of B. A. Bushaw at Universitit-Mainz to understand the spectroscopy, thermal atomization
dynamics, and handling and preparation of environmental technetium samples. Working in
collaboration with the researchers at Mainz (and taking advantage of their existing
experience) will help determine specific excitation schemes, and we also propose to develop
measurement procedures that can be addressed with compact solid state laser systems. Solid
state laser technology has the advantages in that it is reliable and easily incorporated into
field analytical instrumentation.

Expected Payoffs:

These programs will increase our capabilities to analyze mixed waste and detect Technetium.
The results will be useful in performing the analysis of tank and crib wastes and monitoring
tank waste kinetics. The critical task of tank waste analysis must be completed prior to
initiating safe and effective waste remediation. The sensitive detection of Technetium-99 will
be very useful in tracing this hazardous critical path isotope. All results will be useful in
determining the evolution of hazardous wastes in the Hanford environment.

Milestones:

Work in FY 1993 will focus on laser ablation-laser characterization of solid waste samples and
resonant ionization detection of technetium. Initial studies, at PNL, will use laser ablation to
vaporize waste compounds deposited on metal surfaces.

1. An ultra high vacuum (UHV) laser ablation mass spectrometry apparatus has been
designed and is in construction.

2. A postdoctoral research associate, skilled in UHV and surface science, has been recruited

and will begin work in January, 1993. The program plan for the UHV apparatus includes
speciation of organic and inorganic waste compounds.
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3. A collaboration has been established between Professor Tom Dickinson of the Washington
State University Department of Physics and PNL staff in the Chemical Structure and
Dynamics program. Professor Dickinson will focus his studies on desorption from wide
band gap inorganic materials and metal-oxide substrates. These studies will provide insight
into mechanism of molecular desorption from soils.

4. In FY-1993 B. A. Bushaw will begin a half-time offsite appointment at the Universitét
Mainz in Mainz, Germany. The objective in this year will be to acquire a detailed
understanding of the optical spectroscopy of technetium and the application to
environmental measurements as developed by the combined efforts of the Institute fiir
Kernchemie and the Institute fiir Physik at Mainz.

The work in FY 1994 will continue the FY-1993 activities and the information obtained in the
earlier studies, of known waste compounds, will be applied to experiments on
multicomponent waste compounds.

1. Initial FY-1994 studies will focus on the analysis of nitrates and will be later extended to
include organic agents (e.g., EDTA) and inorganic compounds that are important agents in
both tank and ground wastes.

2. Studies of mixed wastes to determine multicomponent interferences will be undertaken.
Because of the complexity of mixed waste, experiments on multicomponent samples are
needed to determine experimental interferences and systematic limitations.

3. The off-site assignment of B.A. Bushaw at Universitat-Mainz will continue in 1994. A
stabilized, frequency-doubled cw-diode laser system will be constructed for the first-step
excitation of technetium. This laser source will be fully characterized and then, in
conjunction with the copper-vapor laser (CVL) pumped dye lasers existing at Mainz, will be
used to investigate and optimize multiple-resonance excitation schemes for technetium.

In FY95:

1. In FY 1995 LAMS studies will investigate both metal wastes and inorganic chromates and
salts. This work could readily be extended to the laser desorption of metallic species
chemisorbed on dielectric materials. This is relevant to the monitoring and clean-up of toxic
metallic atoms/ions in soil.

2. We will investigate the effect of hydrated surface layers and adsorbed water on the
ablation process. Adsorbed water is an important feature of many environmental systems
and has profound effects on the surface chemistry of many materials, including the alkali
halides and silicate glasses.

3. Technetium detection will be extended to produce a fully defined and optimized
excitation scheme that uses wavelengths for which the CVL dye lasers, used in these
spectroscopic studies, may be replaced with solid state cw lasers in a prototype analytical
instrument.

Performers:

- The proposed work will compliment several other DOE-funded projects including: the Mobile
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Analytical Reconnaissance System (MARS), Materials Sciences programs studying chemical
sensors and Chemical Structure and Dynamics programs studying laser ablation, resonant
ionjzation and desorption processes from surfaces. The above programs involve
collaborations with the Applied Physics Center and within the Molecular Science Research
Center (MSRC). A major goal of the MARS program is to develop a mobile system for
analysis of tank and crib waste at remote on-site locations. Laboratory studies of the basic
ablation process will aid in optimal design of the MARS prototype and are required to

calibrate MARS analytical results.

Technetium-99 measurement systems will expand upon existing expertise and technology
that has been developed at Pacific Northwest laboratory (PNL). Resonance enhanced
multiphoton ionization, coupled with mass spectrometry, has been shown to be an extremely
sensitive and selective approach to the analysis of rare isotopes. This work at PNL has
emphasized the use of high-resolution continuous-wave lasers to simultaneously maximize
isotopic selectivity and absolute sensitivity, and has demonstrated detection limits in the
attogram (107 g) range and the ability to detect a target isotope in the presence of a 10'° or
greater excess of other isotopes of the same element. The collaboration of B. A. Bushaw with
the Universitat-Mainz provides the opportunity to develop and import an essential new

technology.

Funding: ($K)

1 FTE Scientist/Engineer (WP Hess);
1 postdoctoral fellow; subcontracts;
supplies

Laser ablation source laser

TOTAL
Technical Point of Contact:

Dr. Bruce Bunker

Materials Sciences Department
Pacific Northwest Laboratory
P. O. Box 999

Richland, WA 99352

TEL: (509) 375-5969

FAX: (5609) 375-2186

Dr. Jiri (Art) Janata

Molecular Science Research Center
Pacific Northwest Laboratory

P. O. Box 999

Richland, WA 99352

TEL: (509) 375-6492

FAX: (509) 375-6916

FY93 FY9%4

217 380
30

217 410

Dr. Steven D. Colson

Molecular Science Research Center
Pacific Northwest Laboratory

P. O. Box 999

Richland, WA 99352

TEL: (509) 375-6882

EAX: (509) 375-6916
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SERDP Thrust Area: Compliance
Title: Technical and Economic Assessment of Storage of Industrial Waste on Abyssal Plains

Problem Statement:

The technical goal is to assess the concept of storing industrial waste (sewage sludge, fly ash
from incinerators, and dredge spoil) in abyssal plains of the ocean floor identifying the
advantages, disadvantages, and economic and environmental viability.

(1) Select typical abyssal plain areas in the North Atlantic, North Pacific and Gulf of Mexico
possessing environmental characteristics (geological, chemical, biological and physical) which
enable assessments of suitability for abyssal plain waste storage.

(2) Prepare, for such areas, concepts for planning both site surveys and long-term monitoring.

(3) Assess candidate methods for waste preparation, dockside staging of waste material,
transporting and deep ocean emplacement for technological feasibility and reliability.

(4) Assess the economic viability of storing industrial waste on the abyssal plains in the deep
ocean including the cost factors for site preparation, methodology for staging, transporting
and emplacement of industrial waste, and site monitoring.

The disposal of industrial waste (sewage sludge, fly ash from incinerators and dredge spoil)
has become one of the most critical problems facing this nation and the world. Presently
80% of the waste stream of the United States is disposed of in land fills, approximately 10%
is recycled and 10% incinerated. The threat to ground water posed by landfill disposal
makes this approach less and less desirable. The health problems associated with discharge
from incinerators is also making this approach less desirable. Therefore other disposal
methods must be given serious consideration. One potential disposal method which is being
considered by Congress is storage of industrial waste on the deep ocean seafloor.

The Congress has tasked the Department of Defense (DoD) to "study the advantages,
disadvantages, and economic and environmental viability of storing industrial waste in the
abyssal plains of the ocean floor."

This project and associated tasks described in this proposal is a new start.
Project Description:

The Department of Energy (DOE) funded an extensive effort termed Subseabed Disposal
Program to assess the feasibility of sequestering high level nuclear waste in the deep ocean.
In addition, there have been other studies conducted by federal agencies, industry, academia
and private foundations addressing the issue of waste disposal on the seafloor. The Naval
Research Laboratory (NRL) will conduct a literature search. The results of this search, where
applicable, will be factored into this project.

The technical objective of this project is to: (1) identify environmental characteristics of

abyssal plains which affect suitability for waste disposal; (2) select abyssal plain areas
possessing these characteristics; (3) assess candidate waste handling technologies as to
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engineering feasibility and reliability; (4) develop a survey plan to obtain a baseline of
physical, chemical, biological and geological characteristics of a suitable area; (5) prepare a
monitoring program; and (6) conduct an economic analysis of the deep ocean storage
concepts.

This project will assess and document the advantages, disadvantages, and economic and
environmental viability of storing industrial waste in abyssal plains. The technical approach
will be to: (1) review past studies and concepts to store industrial waste on the seafloor; (2)
compile and analyze existing oceanographic, biological, chemical, geological, geophysical and
geotechnical data; (3) conduct numerical analyses and simulations to support the scientific,
engineering and economic analysis and assessments; (4) identify risk areas from engineering,
environmental and economic perspective; and (5) assimilate above information into a final
report.

The approach will be implemented in five interrelated tasks. (These tasks are described in
detail late in this text.) Task interdependencies will be identified early in the project
execution to help focus effort. Intermediate results from tasks will be fed into other tasks
during the execution of this effort to ensure completely integrated conclusions and
recommendations.

The proposed work conforms to and enhances the environmental policy and objectives of the
- DoD, DOE and the national government in general. This effort will provide pertinent
information required by Congress to address the critical national problem of industrial waste
disposal.

There does not appear to be any ongoing studies of abyssal plain storage of industrial waste.

This project consists of five tasks: (1) Area Assessment,
(2) Engineering Analysis and Assessment, (3) Site Survey Plan,
(4) Monitoring Program, and (5) Economic Analysis.

Task 1. Area Assessment: Identification of areas suitable for waste storage will involve a
number of factors. These factors include: (a) ocean environmental conditions which would
result in waste containment in the storage area with minimal spatial dispersion; (b) areas
where water depths exceed approximately 3000 m (10,000 ft); (c) areas with flat seafloor; (d)
area with low biological activity; (e) areas within 1800 km (1000 nm) of the east, west and
gulf coasts of the United States; (f) the effects of the oceanographic and meteorological
conditions on ship design, transport and emplacement methodology; (g) post-emplacement
capping methods and issues of seafloor stability; and (h) impact of various types of industrial
waste on the local ecosystem. These factors will be addressed through compilation and
analysis of available chemical, biological and physical oceanographic, geological, geophysical
and geotechnical data from previous studies and assessments of waste disposal in the ocean
by other government agencies, industry and academic institutions.

(a) Physical Oceanography Characteristics: Physical oceanographic and meteorological
conditions will impact concepts for abyssal plain waste storage. Ocean currents are strong
influences on the advection and dispersion of waste deposited on the seafloor. However,
most oceanographic measurements are not obtained closer than about 100 m above the
abyssal plain, so appropriate current information is scarce. Consequently, studies and
proposals for deep ocean activities based on an assumption of quiescence requires further
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analysis. Severe weather (hurricanes, typhoons and winter storms) will impact operational
plans and logistics (scheduling, transportation, deployment concepts) and deep ocean
dispersion of the waste materials.

To accomplish this task, this study will: (1) survey relevant studies, models, and databases
for zones within 1800 km (1000 nm) of U.S. ports; (2) identify areas characterized by low flow
conditions and geological stability; (3) provide a physical oceanographic description for the
identified areas; (4) integrate this information with the biological, chemical and geological
information; and (5) provide relevant data to site survey plan, monitoring program,
engineering analysis and economic analysis.

~ (b) Chemical/Biological Characteristics: The study will assess the biological and chemical
characteristics of abyssal plain areas which are geologically stable and hydrodynamically
quiescent. Existing data bases will be assessed and interpretations made from studies of
areas with similar depositional environments. This assessment will describe the existing
status of benthic boundary processes which may be changed as a result of waste disposal.
Some of these processes may be similar among areas, but others may be different, depending
on the depositional environment, source materials and resulting biological communities on
the seafloor. The site-specific, process-oriented approach will focus on biogeochemical fluxes
across the sediment-water interface and diagnetic changes with depth in the sediment.
Biological communities will be defined from a functional perspective in terms of their effects
on fluxes of particles and dissolved chemical constituents, as well as the trophic-dynamic
interactions among resident and transient organisms from size ranges of bacteria to
megabenthos. It is known that "falls" of organic matter to the deep-sea floor attract
bentholpelagic animals which feed upon and transport wastes to adjacent areas. Therefore, it
is important to assess the potential for vertical and horizontal transport of waste
contaminants by animal migrations.

The waste characteristics and type of waste storage operations will be assessed with respect
to the process-oriented approach as described for each defined area. Predictions will be
made of how the existing conditions would be changed as a result of the interaction of
industrial waste with the benthic ecosystem in terms of (1) nearfield fate and short-term
effects, (2) farfield effects and (3) long-term effects.

(c) Geological/Geotechnical Characteristics: This effort will identify and describe areas of the
abyssal plains that are geologically stable. The bathymetry, morphology, and geology of the
seafloor will be examined and described with emphasis on those geological, geophysical, and
geotechnical aspects that affect the suitability of the areas for waste storage.

The analysis will include a wide-ranging assessment of potential waste dispersal mechanisms:
e.g., erosion by bottom currents, resuspension by biological activity, slumping due to
oversteepening or earthquake loading and turbidity flows. Transfer of toxic materials form
the solid to aqueous phases will be assessed: e.g., transfer from waste matrix in pore water
flow driven by consolidation of deposits, and transfer by ion exchange in clay mineral double
layers.

Task 2. Engineering Analysis and Assessment: The storage of industrial waste in abyssal
ocean depths in a proposition dating back to the 1960’s. The technology available for placing
waste on the sea floor has matured from these early years. The Deep Sea Drilling Project
demonstrated deep water dynamic ship positioning and the precise placement of drill stem
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for borehole re-entry. The oil industry has transported progressively larger structures to
deep water and successfully operated them. NRL recently deployed a large cable structure
* which spanned the total water column in an ocean depth of 5200 m. The DOE funded an
extensive effort, the Subseabed Disposal Program, to assess the sequestering of high level
nuclear waste in the deep ocean. These and other technologies can provide the bases for
methods to store industrial waste in abyssal plains.

This part of the study will focus on technologies where waste dumping and dispersion in the
water column is circumvented.

The assessment will consider dockside staging requirements, ship requirements, waste
packaging, marine operations for transportation and disposal, and the hardware to place the
waste on the sea floor. Reliability will be examined to evaluate risk associated with the
operations. Numerical analyses will be performed where necessary to assure the proposed
engineering concepts and approaches are technically sound and reliable. Environmental
parameters from Task 1 will be incorporated into the assessment. Risk areas which impact
the concepts from dockside staging through waste placement on the sea floor will be
identified.

Necessary steps for the engineering assessment are: (1) perform literature search, (2) identify
viable approaches, (3) conduct engineering evaluations, (4) perform risk analysis, and (5)
identify implementation costs.

Task 3. Site Survey Plan: This task will provide the basis for planning and evaluating site
surveys. Surveys are required to obtain a complete and up-to-date baseline of physical,
chemical and biclogical characteristics so that change can be monitored in the storage site
and surrounding area. The description of the selected area must include resident and
transient fauna, bacteria, and geochemical, geotechnical and physical oceanographic
conditions. The survey must be completed with sufficient lead time to evaluate site data and
have monitoring systems in place. Methods and procedures for accurate description of the
selected sites in terms of chemistry, biology, geology and oceanography will be analyzed and
evaluated.

Task 4. Monitoring Program: This task will recommend a long-term monitoring program
that will identify: (1) types of measurements; (2) frequency, location and methods of
sampling; (3) data information system; (4) criteria for evaluating environmental change; and
(5) the estimated cost of monitoring program. In structuring this program, the following
factors will be considered; (1) waste material, (2) mode of dispersion in the sediments and
water column, and (3) biochemical and geochemical reactions.

Task 5. Economic Analysis: Conduct an economic analysis to assess the viability of storing
industrial waste on abyssal plains. The study will (1) review applicable past studies, (2)
provide qualitative evaluation of future cost growth factors, (3) prepare assessment of cost of
proposed concept, (4) prepare scenarios for economic assessment, (5) evaluate alternatives in
scenarios, and (5) provide assessment of economic viability that summarizes information
provided in previous tasks.

($K)
Task 1 600
Task 2 600
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Task 3 50
Task 4 100
Task 5 150

Expected Payoff:

The expected payoff of this project will be environmental. engineering, and economic
information that the DoD and Congress can use in making decisions on the viability of
storing industrial wastes on the deep ocean floor. In addition, NRL will recommend a site
survey plan and monitoring program to be implemented if and when a demonstration
program is initiated. This study does not address legal or sociological issues.

Milestones:
This project will take one year from date of receipt of funding to complete. The milestones

below reflect this timeframe. NRL is prepared to provide a more detailed milestones chart
for each Task.

Activity Month from Start

Task 1 start at month 1; presentation/review at month 5; completion at month 9
Task 2 start at month 1; presentation/review at month 5; completion at month 9
Task 3 start at month 5; completion at month 11

Task 4 start at month 5; completion at month 11

Task 5 start at month 4; completion at month 11

Final Report start at month 9; final report complete at month 12

Transition Plan:

The information from this project will be given to the DoD for transmission to Congress.
Funding: ($K)

FY93
1500

Performers:

Naval Research Laboratory
Other government activities
Industry, Academic Institutions

Technical Point of Contact:

Dr. Herbert C. Eppert, Jr., Superintendent
Marine Geosciences Division, Code 7400
Naval Research Laboratory

Stennis Space Center, MS 39529-5004
TEL: (601) 688-4650

FAX: (601) 688-5752
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Conservation

Project Title

Page
Number

Funding

FY93 (K)

138 160
ITAM/Wetlands Integration (A) 140 450
Development of Overall Management Strategies for the 143 250

Reduction of Noxious Plant Infestations with an Emphasis on

Biological Control (A)

The Effects of Aircraft Overflights on Birds of Prey (AF)

146 80
Stabilization of High Use Training Areas in Cold Regions (A) 149 300
Digital Terrain Modeling and Distributed Soil Erosion 151 800
Simulation/Measurement for Minimizing Environmental Impacts
of Military Training (A)
Information Support for Environmental Management (A) * 154 750
Expanded Application of DNA Fingerprint Techniques 157 200
developed as Genetic Diversity Measures of Aquatic Populations
(EPA)
Assessment and Management of Risks to Biodiversity and 161 1,000
Habitat (EPA)
The Role of Microphytic Soil Crusts in Desert Ecosystem Stability 164 250
and Biodiversity (A)
Development of Regional Guidelines for Evaluating and 167 300
Managing T&E Species Habitats on DoD Lands (A)
Methods for Propagation, Translocation, and Reestablishment of 169 350
Threatened and Endangered Species (A)
LCTA/BCD Biological Diversity Sensitivity Analysis (A) 171 350
Fishing Enforcement/Stock Assessment and Marine Mammal 174 2,000
Monitoring (N)
Marine Mammal Health (N) 178 249
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Project Title Page Funding
Number | FY93 (K)

Identification, Assessment, and Mitigation of Impacts of Military- 186 525
Related Chemicals and Pollutants on Threatened and Endangered
Species (A)
Application of Biomarkers for Monitoring and Assessment of 190 900
Sensitive Fauna in Ecosystems Impacted by Munitions Waste
and Defense Related Material Application Sites (EPA)

Total 8,914

* Congressional Interest Program
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SERDP Thrust Area: Conservation

Title: Phased Array Ultrasonic Detection of Artifacts
Problem Statement:

The goal of this work is to develop an ultrasonic probe using phased array technology for the
sub-surface detection and imaging of artifacts.

Currently, the reliability associated with the detection and location of artifacts is minimal.
Often valuable finds are missed only to, at times, be found during construction causing
delays and increased costs. Ultrasonic sound waves exhibit the non-destructive capability of
being transmitted into the ground and probe beneath the surface by being reflected off of
mediums of higher relative density (i.e. bone, ceramic, stone, glass).

Project Description:

Ultrasound techniques are in routine use for medical, engineering and oil exploration
applications. Three dimensional or two dimensional (tomographic) imaging of everything
from human brains to oil fields is now common place. The objective of this work is to
develop a phased array of ultrasonic transducers which can accurately image sub-surface
features of differing densities. For example, by analyzing the signal strength returned within
specific time windows precise regions can be examined. By varying these windows the
whole volume can be examined while excluding most interference reflections. Through
computer imaging and enhancement the location of possible artifacts can be identified while
also gaining information about their shape and dimension. An important application for the
proposed technology is its potential use on an existing site for locating high density, historic,
degraded, metallic and ceramic artifacts.

Expected Payoff:

To non-destructively probe beneath the surface to locate possible buried artifacts before
construction begins. The potential also exists to more rapidly examine known archeological
sites in order to better use limited excavation resources. Another possible use would be the
location of underground utilities.

Milestones:

Activity Completion Date
Survey commercial systems and services FY93
Build test bed for transducer and imaging software testing FY93
Build transducer/detector array FY9%4
Wire computer interface FY94
Develop control and imaging software FY95
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Transition Plan:

Once the capability of sub-surface detection has been shown field tests at known
archeological sites should follow. The predictive capability should be compared to actual
archeological findings under varying circumstances in order to determine reliability.

Funding: ($K)

FY93 FY94
160 240
Performers:

Organization: US Army Construction Engineering Research Laboratories

Partners and Related Activities: Professors in both Electrical Engineering and Physics at the
University of Illinois are engaged in research concerning ultrasonic sound waves. The work
will be coordinated with the Tri-Services Cultural Resources Research Center.

Technical Point of Contact:

Dr. Charles Marsh, FM Division
USACERL

P.O. Box 9005

Champaign, IL  61826-9005
TEL: (217) 352-6511 x 419
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SERDP Thrust Area: Conservation
Title: ITAM/Wetlands Integration
Problem Statement:

The two goals to be accomplished are to identify information/data requirements necessary to
support the Training Area Manager in accomplishment of his training mission while
achieving full compliance with wetlands protection requirements in law as well as good
general stewardship of wetlands resources and to integrate wetlands considerations into the
Army-wide Integrated Training Area Management (ITAM) program.

In order to meet training mission requirements, Army Training Area Managers must
maximize use of all available training lands. At the same time, they must comply with
Wetlands regulatory requirements set forth in the Clean Water Act, and with the mandates of
Executive Orders (11988) Floodplain Management and 11990 (Protection of Wetlands). In
addition, many of the endangered species protected under the Endangered Species Act are
associated with wetlands. Because of these potentially conflicting land use demands,
Training Area Managers need:

(1) Guidelines (standards) for inventorying, evaluating (functional analysis) and monitoring
of wetlands on Army Lands.

(2) Guidelines for evaluation of the impact of military operations on wetlands.

These guidelines can be effected through a wetlands data module incorporated into the
ITAM program.

This project is new in the SERDP program, but complements on-going work by CECER
under the ITAM program.

STRAP Requirements Served:

(4.11.1.d) Guidelines for wetlands protection, restoration and management

(4.IL1.c) Computer based wetland mapping system

(4.1.1.a) Methods for standard, comprehensive, cost effective inventory and monitoring to
fully characterize wetlands ecosystems

STRAP Wetland/Riparian Ecosystem Work Units Served:
Effects of DoD Missions on Wetlands Ecosystem Components
Integration of Site Specific Missions with Wetland/Riparian Ecosystems

Project Description:

This project will facilitate partnering of CEWES wetlands experts, CECER ITAM experts, and
CECRL cold regions experts in order to integrate wetlands considerations systematically
within ITAM. CECER, the lead activity for ITAM, has done some literature review relative to
wetlands data needs for an ITAM wetlands module. CEWES has a long history of research
and technical assistance in wetlands delineation, evaluation, management and restoration.
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CECRL has done considerable work with cold regions soils, hydrology and vegetation, all of
which could be important in developing a wetland module or ITAM.

The technical objective is to identify specific user (installation) requirements relative to
wetlands protection and management, and then apply the wetlands expertise of CEWES, the
ITAM expertise of CECER, and the cold regions expertise of CECRL in development of
guidelines and procedures for meeting those installation needs.

There will be a five step technical approach:

Step 1. Evaluate Army user requirements for wetlands inventory, short and long term
monitoring, and military impact management. This will entail visits to selected installations,
and a user group workshop hosted by CEWES/CECER/CECRL.

Step 2. Identify/develop technical standards for wetlands inventory, monitoring and
management. A review of existing information and techniques will be conducted. This will
involve an extensive literature review and a CEWES, CECER, CECRL information exchange.

Step 3. Identify impacts of military operations on wetlands. Explore/develop techniques to
experimentally and quantitatively evaluate and monitor impacts of military operations on
wetlands.

Step 4. ITAM/Wetlands integration. CEWES/CECER/CECRL will cooperate in adapting
wetlands requirements and guidelines to the ITAM program. This will include establishing a
wetlands data base within the ITAM system, interfacing the ITAM database with appropriate
wetlands databases available through CEWES, USFWS and others.

Step 5. Technology transfer. CEWES/CECER/CECRL will host user workshops to explain
and implement the ITAM wetland module.

This report addresses wetlands concerns set forth in the Tri-Service Environmental Quality
Strategic Plan Program, i.e., "Effects of DoD Missions on Wetlands Ecosystem Components”
and "Integration of Site Specific Missions with Wetland/Riparian Ecosystems."

Expected Payoff:

This project will provide tools needed by both Training Area Managers and Natural
Resources Managers at installations to better perform their missions. In addition, it provides
an opportunity for CEWES, CECER and CECRL to lay the groundwork for improved
cooperation and efficiency in meeting the needs of our military customers served by the
ITAM, cold regions, and wetlands programs.

Milestones:
Document Army user requirements for wetlands inventory, short and long FY93
term monitoring, and military impact management.

Guidelines on technical standards for wetlands inventory, monitoring and management. FY93
Identify impacts of military operations on wetlands. FY9%4
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ITAM/Wetlands integration. FY95
Technology transfer, including workshops. FY95

Funding: ($K)

FY93 FY9%4
450 500
Performers:

Performers will include personnel of CEWES, CECER, CECRL, the U.S. Fish and Wildlife
Service, and Army installations.

Technical Point of Contact:

Dr. Steven W. Sprecher

US Army Engineer Waterways Experiment Station
3090 Halls Ferry Road

Vicksburg, MS 39180-6199

TEL: (601) 634-3957

FAX: (601) 634-4016

Dave Tazik

U.S Army Construction Engineering Research Laboratory
P.C. Box 9005

Champaign, IL 61826-9005

TEL: (217) 398-5443

FAX: (217) 398-5470

Mr. Darrly Calkins

U.S. Army Cold Regions Research, and Engineering Laboratory
72 Lyme Road

Hanover, NH 03755-1290

TEL: (603) 646-4304

FAX: (603) 646-4644
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SERDP Thrust Area: Conservation

Title: Development of Overall Management Strategies for the Reduction of Noxious Plant
Infestations With an Emphasis on Biological Control

Problem Statement:

Many noxious terrestrial and aquatic plants cause serious problems for military bases and
training installations across the country. Problem plants include the terrestrial species
snakeweed, knapweed, leafy spurge, various thistles, seepwillow, silver leaf nightshade,
tansy ragwort, etc., and the aquatic plants, waterhyacinth, waterlettuce, hydrilla, Eurasian
watermilfoil, water chestnut, etc, among others. Problems mainly arise because of the growth
characteristics of these plants which enable them to reach very large population levels
relatively rapidly thereby displacing and subsequently eliminating native vegetation. This in
turn causes significant impacts to native wildlife including the elimination of endangered
species, disruption of delicate ecosystems by the replacement of native vegetation, decreases
in land use and value on the installations as well as adjacent communities, reduction of
recreational uses, hinderance of navigation along waterways, increased water loss, as well as
increases in human health hazards associated with expanding mosquito breeding habitats. In
addition, the movements of large amounts of equipment and men associated with military
training exercises only worsens the problems caused by noxious plants because of the
potential for plant dissemination by such movements. Traditional control procedures mainly
involve the use of chemical applications but these offer at best only short term solutions and
their use is becoming increasingly more environmentally sensitive.

There are now more environmentally acceptable techniques and integrated procedures for
noxious plant control. These mainly involve the use of biological control agents and offer
environmentally acceptable and in many cases long term answers for weed management.
The use of biological control gained public acceptance as early as 1902 with the release of
flower and fruit feeding insects for the control of Lantana camara. These insects successfully
controlled the invasion of lantana in many areas of Hawaii. Since that time over 190 insects
have been released to manage 86 weed species with over half of these attempts considered
successful. The use of biocontrol for weed management has not only been confined to the
terrestrial environment. Many successes have been achieved in the aquatic habitat. These
have included the release of 12 insect species to control 4 problem aquatic plants since the
beginning of the aquatic plant biocontrol program in 1959. Currently biological control is
rapidly becoming recognized as an important and viable alternative management strategy for
weed control. Since 1987 alone over 40 insect species have been introduced in the U.S. for
the control of >15 weed species.

Project Description:

The proposed work will concentrate on developing overall management strategies for
controlling noxious vegetation mainly through the use of biological control techniques.

While emphasis will be on the use of biological agents the proposed work will also develop
computer-based systems that allow minimally trained military personnel to make informed
management decisions concerning the control of noxious vegetation on a site by site basis
using all of the available management options. Three major areas will be stressed initially; 1)
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identification of major noxious plants and their associated problems on major military
installations across the country, 2) development of overall guidance strategies based on
currently available technologies, and 3) development of computer based management tools
that incorporate information gained in objectives 1 and 2 to aid operational personnel in
choosing the appropriate biocontrol agent or as the situation warrants, more traditional
contro] tactics (i.e., mechanical, chemical, etc.) on a site by site basis. Further long term
biocontrol demonstrations will be accomplished via transition research.

The work will progress along several lines. The first will be to identify problem vegetation

* on various major military installations and categorized on a regional basis. A database of the
noxious plants will be developed and currently used control procedures compiled based on
information supplied by military personnel as well as federal and state agencies. The
problem plants will then be matched to biocontrol agents that are currently being used
operationally across the country. This information will then be used to develop a computer-
based system that will allow minimally trained personnel to make informed decisions
concerning plant identification, determinations of economically important plant infestations,
recommended control procedures, and operational biocontrol agents available. The system
will be a PC-based expert system using high resolution color graphics for plant and
biocontrol agent identification and regional databases for control recommendations.

The second line of work will be to begin demonstrating the potential of using biocontrol
agents for noxious weed management. Based on information gathered on noxious plants and
availability of operational biocontrol agents sites will be selected across the country for field
demonstrations of certain plant/biocontrol agent management strategies. Sites selected will
depend on noxious plant infestation levels, severity of the problem, expected control time for
the agents selected, and availability of the agents. Demonstrations will be used for
determining the suitability of using specific agents or complex of agents for management.

Developing an overall management plan for noxious plant management that emphasizes the
use of biologicals will certainly lower the use of chemical applications for control.
Developing a guidance plan that incorporates all existing control technologies will foster an
integrated approach toward the management of noxious vegetation and will afford the best
control possible with minimal use of chemical applications.

Expected Payoff:

The use of an integrated approach using computer-based systems that stress the use of
biologicals for noxious plant mana